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CULATED. BALANCED 


It is KUROVA’S NEW KING SIZE* 
A little larger than its predecessor, this new King Size Kurova cuts still further 
the number of occasions where the laboratory has the expense of grinding 


from rough cylinders to fit a large eye size or a strong upsweep shape. It gives 
more usable finished lenses with their closely controlled, fine factory finish. 


Quality continues and Kurovas still have the wide selection of base curves 
which make them the really corrected lens series. You can depend upon 


Kurovas for prescription accuracy. 


* Even in higher powers, where size has bowed in favor ee A 
of thickness considerations, it is larger than most. 
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DESIGNED FOR YOUR MOST 


EXACTING REQUIREMENTS 


ETHICON’ opntnatmic NEEDLE SUTURES 


hand-finished Micro-Point® needles 
unequaled sharpness by hand honing 
40% greater strength 

increased stability in needle holder 


reduced tendency to cut out of tissue 


ETHICON EVE SUTURES with Tru-Tempered reverse cutting needies 


for maximum strength and minimum tendency to cut out of tissue. 
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The patient’s physical comfort and mental attitude are im- 
portant not only to the success of an examination . . . but 
also to the degree of respect and cooperation he acquires in 
all your professional relations. The chair is the very center 
of all operations. Is it time for you to consider updating in 


your office? Ask your distributor for a demonstration soon. 


MOTOR CHAIR 
B &LlL Deluxe Unit 


BAUSCH & LOMB 
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NEW BOOKS 
FOR OPHTHALMOLOGISTS 


THE EYE: Basic Science and Clinical Facts on Eye Practice by E. Howard 
Bedrossian, Drexel Hill, Pa. A compilation of up-to-date information which many 
ophthalmologists tend to forget since many of the diseases with their differential 
diagnoses are rare. The book also is designed to enable students to pass 
specialty board examinations in ophthalmology, not only from a basic science 
point of view but also from a clinical standpoint. Theoretical information has not 
been used unless it has been proven to be of some clinical value. Presented in logical, 
practical fashion for quick reference. To be published in the spring of 1958. 


PRINCIPLES OF OPHTHALMOSCOPY by John K. Erbaugh, Norristown State 
Hosp., Norristown, Pa. Here is a book with its small size deliberately planned so that 
the reader is not burdened with a great deal of extraneous material only an ophthal- 
mologist need know. The descriptive material is kept on a level which will require 
only the barest minimum of the busy physician’s time if he finds it desirable to re-read. 
It is a book for practitioners, internists and students who are anxious to know not 
only what to look for in the eye but why they are looking. Pub. 57, 80 pp., 9 il., 
22 full-color plates, Cloth, $5.50 


THE DIAGNOSIS AND TREATMENT OF INFECTIONS by D. Geraint James, 

Middlesex Hosp., London. The most up-to-the-minute techniques available in one text 

: : concerning the rapid advances in specific chemotherapy and more precise methods of 
fa diagnosis. For handy reference, informative tables are provided to complement the 
text. Presents the subject matter in three sections: the first provides details of cur- 

rently used chemotherapeutic agents; the second describes micro-organisms responsible 

for human infections, and the third takes up infections of the various systems. 


Pub. °57, 244 pp., 1 il., 24 tables, Cloth, $6.00 


UNEXPECTED REACTIONS TO MODERN THERAPEUTICS—Antibiotics by 
Leo Schindel, Jerusalem. Incorporated in this volume is material gathered from 
hundreds of publications from all parts of the world exploring the side-effects and 
untoward reactions of antibiotics. Jts purpose is to make these reactions more easily 
prevented as more becomes known about them. The general practitioner as well as 
the specialist will find the book of immense interest and value. It has become of 
primary importance in the evaluation and effective treatment of side-effects to 
know what specific reactions are to be expected from a particular medicament. 
Pub. °57, 160 pp., Cloth, $3.00. 
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NON-MERGURIAL DIURETIC 


in glaucoma 


Intraocular pressure is significantly reduced by DIAMOx in various 
types of glaucoma—acute congestive glaucomatous crisis, simple 

glaucoma which does not respond to miotics, and some z 
secondary glaucomas. Well-tolerated, easil 
administered, DIAMOX has proved to be a highly useful drug. 


Preoperatively, DIAMOx is particularly useful in conditions where 
intraocular pressure is high and reduction is required. 


Postoperatively, DIAMOX aids early restoration of the anterior 
chamber and maintenance of a formed area. 


Diagnostically, in glaucoma and other ophthalmologic conditions, 
DIAMOX clears corneal edema, greatly enhances visibility, permits 
examination of the interior of the eye. 


Suggested dosage of DIAMOx for most ophthalmologic conditions 
is 5 mg. per kg. every six hours day and night. In severe 
glaucomatous crises the intravenous form may provide quicker 
reduction of global pressure. 


Supplied: Scored tablets of 250 mg. Ampuls of 500 mg. for 
parenteral use. Syrup: bottles of 4 fluid ounces, 250 mg. per 5 cc. 
teaspoonful, peach flavor. 


LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY, PEARL RIVER. N.Y. a> 
"Reg. U.S. Pat. Off. 
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A LLERGAN | Specialists in Ophthalmic Preparations 


CORPORATION Los Angeles 17, Calif. ! 
* Composition of Prednefrin: Prednisolone acetate, phenylephrine HC1, Methylcellulose in 0.12% concentrations. 
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ophthalmic products 
with distinctive advantages... 


e their wide-spectrum bactericidal activity includes 
ALL clinically isolated strains of Pseudomonas aeruginosa, 
a serious invader noted for the rapidity of its destructive powers. 


e their component antibiotics rarely sensitize. 


brand Polymyxin B-Gramicidin-Neomycin 


ANTIBIOTIC OPHTHALMIC SOLUTION 


Available in bottles of 10 cc. with sterile dropper. 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


brand Polymyxin B-Bacitracin-Neomycin 
with 1% Hydrocortisone 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 


Attachment for Gonioscopy 


Write for literature 


485 FIFTH AVENUE, NEW YORK 17, N. Y. 


West Germany 


Slit Lamp 
Apparatus 


On instrument table or compound 
stage, the latter designed for 
electric tables or refracting units 


Requires no adjustments. The slit 
lamp can be swung past the corneal micro- 
scope without interruption or observation. 


Can be set for five different magnifica- 
tions by simply turning a knob, without 
changing objectives, eyepieces, or the work- 
ing distance. 

Maximum brilliance of the illuminat- 


ing rays and sharpest possible definition 
of the microscope images. 


Supplementary equipment, such as 
Hruby lens, gonioscope, photo attachment, 
etc., are available. 


ACCESSORIES 


ATTACHMENT FOR GONIOSCOPY 
consists of: 4-mirror contact glass with handle 
carrier and rotating device. Rotatable prism in 
mount. To keep lid apart during examination, 
we offer one each small and large lid separator. 


PHOTO ATTACHMENT 
with electronic flash equipment to automatically 
photograph anterior segment of eye at magnifica- 
tions of 1x or 2x. 


GUARANTEED 
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DEGREE OF MIOSIS 


Two Three 
Hours Hours 


Prolonged control 
in glaucoma therapy 


Demonstrating 
the 

advantages 
ofa 
methyicellulose 
menstruum 


ALCON LABORATORIES. Inc. 
FORT WORTH. TEXAS 


Alcon products are readily available to 
pharmacies from their Service Wholesale 
Drug Suppliers in the U. S. and Canada. 
Export Dept.: 120 S. LaSalie St., Chicago 


Laboratory research* demonstrates that 
ISOPTO® CARPINE effects a greater degree 
and significantly more prolonged duration of 
miosis than a non-Methyiceliulose solution. 


*Animal experimentation 


ISOPTO CARPINE 
Sterile Ophthalmic Solution 


PILOCARPINE HYDROCHLORIDE 
WITH 0.5% METHYLCELLULOSE. 


ISOPTO ESERINE 
Sterile Ophthalmic Solution 


ESERINE SALICYLATE WITH 
0.5% METHYLCELLULOSE. 


sterile - well stabilized - minimal irritation 
+ uniform - pH and tonicity adjusted 


SUPPLIED: ISOPTO® CARPINE 
Drop-Tainer® 


ISOPTO® ESERINE 
Drop-Tainer® 


ISOPTOY DESIGNATES ALCON STERILE OPHTHALMIC 
PREPARATIONS CONTAINING METHYLCELLULOSE 
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Non-Met! 
2% Pilc 
10 
nutes 
Minutes Hour Hours 
: 
0.25% 
and sterile 1% 
ophthalmic 2% 
4% 
0.5% 
Alcon 
CARPINE-1 


an important problem 


in today’s living! 


The following articles from TODAY’S @EAIMFH are nt 


available in one pamphlet for 50 cents 
ALCOHOLICS ANC MO Written fj the standpoint A a member, the basic treat- 
ment procedures are de@gfibed hdlogical problems@ignfronting the alcoholic_ag 
discussed. 


ALCOHOL AND CIRRHC 


cirrhosis. Increasing stress on nu 


OF THE LIVER. Relationship 
differences. by Russell S. Bova 


HOW TO HELP A PROBLEM DRINKER? aderstanding the alcoholic’s capabiliggapu 
necessity of help, causes of his condition. dwam A. Strecker and Francis T. pe roe. 


THE TREATM OHOLISM@tTracing the steps from convig@@me the alcoholic 
that he is sick through treat Lewis Inman Sharp 


CONDITIONED R TREATMENT OF CHRONIC ALCOHOLISM. place 
among methods of treatm@& today, its development and correlation with personality factors 
by Walter L. Voegtlin 


INSTITUTIONAL FACIES 
parative differences, in drinki 
treatment, lack of trained p 


ES FOR THE TREATMENT OF ALCOHOLISM. €or 
th the last century, new establishments and mettfOds of 
. by E. H. L. Corwin 


other pamphlets available 
ALCOHOLIS LaeSSEASE. A disgussion by the Chairman of 
on Alcoholism. bygitag page ts 


1 AM THE WIDOW OF AN ALG@HO Thyée articles combi 
16 pages, 20 cents 


HOW EXPERTS Martial transchipesae an actual court- 
room case. by H. A. Heise, 8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES. A discussioyfof of mixing 
alcohol and barbiturates. by Donald A. Dukelow, 4 pages, 10 


TWELVE STEPS FOR ALCOHOLICS. A frankgdisc 
behavior. by Richard Lake, 6 pages, 10 cents 
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new corneal anesthetic 


rapid action and 


short duration* 


HOOMGAH 


virtually nonsensitizing 

rarely—if ever—causes sensitivity 
reactions to the eye of the patient or 
the hands of the physician. 


virtually nonirritating 

does not sting or burn when dropped 
into the eye—changes in the corneal 
epithelium or hyperemia of the con- 
junctiva rarely occur. 


Average dose: for tonometry, 2 drops. For minor 
surgical procedures, 2 drops instilled 3 times at 
90 second intervals. 


Supplied: sterile normal saline solution with 
0.02% Butoben as preservative, and containing 
0.4% Dorsacaine Hydrochloride (benoxinate 
hydrochloride). In % oz. plastic squeeze bottle 
with dropper tip which delivers uniform drops 
(approximately 45 drops per cc.). 


H.E.,Jr., and Swan, K.C.: A.M.A. Arch. Ophth. 
61:663 (May) 1954. Emmerich, R.; Carter, G.Z., and 
Berens, C.: An Experimental Clinical Evaluation of Dor- 
sacaine Hydrochloride (B ), report on 
the instillation of a 0.4 per cent solution, Am. J. Ophth. 
40:8A1 (Dec.) 1955. Fasanella, R. M.: Glaucoma in Gen- 
oo Practice, Connecticut M.J. 20:282 (April) 
1956. 


DORSACAINE’ 


HYDROCHLORIDE 


SMITH-DORSEY « Lincoln, Nebraska « a division of The Wander Company - 
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IMPROVED 
BONE SAW 


for the i 
OPHTHALMOLOGIST 


. . . is an indispensable aid in performing dacryocystorhinostomies 
and the Kronlein operation. This efficient bone saw combines these latest 
refinements developed to best implement the surgeon's skill: 

LIGHT WEIGHT e MANEUVERABLE 
e CONVENIENT TO HOLD ¢ ACCURATE 
VERSATILE TIME SAVING 


© SAFETY—will not cut or injure the nasal mucus mem- 
brane or other adjacent soft tissue. 


FEATURES of the 
STRYKER =~ 
BONE SAW 


— 


Illustrating use of the 
lliff Trephine for dacry- 
ocystorhinostomies. 


Illustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 


ORTHOPEDIC FRAME COMPANY 

420 ALCOTT AVENUE, KALAMAZOO, MICHIGAN 

© Send me the Ophthalmologist Bone Saw on approval. 
© Send me a brochure and reprint by Charles E. iliff, M. D. 


0) Send me a reprint of the article entitled “Dacryocystor- 
hinostomy with Polyethylene Tubing: A Simplified Tech- 
nique” by Dr. G. Bonaccoloto. 


PRICE: Ophthalmologist Unit Group 
No. 4 includes 3 blades and 2 tre- 
phines $234.00 


Address 


SURGICAL AND HOSPITAL EQUIPMENT 


rthopedic 


420 ALCOTE StReet KALAMAZOO, micnican 


City State 
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PROVING ONE OF THE GREATEST TIME SAVERS 
For Busy Ophthalmologists 


VISIONAIRE 
REFRACTION 
CABINET 


Designed by people who know ophthal- 
mologists' needs, styled by a quality 
furniture maker. 44" long x 15" deep x 
30" high, in regular or platinum walnut 
or blonde ash. Scratch and stain resist- 
ant formica top. 


FINGERTIP CONVENIENCE: 


All diagnostic instruments in one single tray, lying in 
grooves, with telephone-type coiled cords that retract 
automatically into cabinet. All have individual rheostats. 
Illuminated trial lens tray holds all size lens sets. Has 
automatic shutoff. 


FINGERFLIP CONVENIENCE: 


3, 6, or 12 volts available for any type diagnostic instrument. Three | !0-volt 
outlets recessed into back of cabinet for remote control of | 10-volt instru- 
ments. Closing top lid automatically shuts off all power and protects instru- 
ments from dirt, or ‘cleaning lady'’ accidents. 


EFFICIENCY BUILT RIGHT IN: 


Treatment Drawer contains built-in space for tonometer, 
cotton picker, 12 dropper bottles. Handy built-in waste 
container. Space provided for easy installation of controls 
of the new Visionaire automatic remote-control projector. 


Visit our instrument department—arranged for easy visual comparison 
of all instruments—in our new offices. 


 Ftouse of Vision ™ 


137 NORTH WABASH e CHICAGO, 2 ILLINOIS 
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YOUR 
GUIDE TO 
CURRENT PUBLICATIONS 


Quarterly 
Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted §The QUARTERLY CUMULATIVE 
to books and the other to periodical © INDEX MEDICUS appears twice a 
literature, the Pano CUM- year; volumes are cloth bound and 
ULATIVE INDEX MEDICUS con- cover periodicals for six months as 
tains a list of current publications . ae. 

alphabetized as to authors and sub- indicated on the publication. These 
jects. The exact bibliographic refer- two volumes will be a convenient 
ence is given under the author with and inclusive reference for current 


in the medical literature. Invaluable for 
les under subjects are all in Eng- a . 
lish. The ind practitioners, specialists, teachers, 


listing of journals, addresses and  ditors, writers, investigators, stu- 
publishers. dents and libraries. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
S35 NORTH DEARBORN STREET 
CHICAGO 10. ILLINOIS 
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The Traveling Man 
from Mager & Gougelman 


Eddie Kerr has helped physicians fit 
thousands of patients with artificial 
eyes. Like the other experts from our 
offices, he provides you with technical 
information and assistance on difficult 
cases. The samples in his case will 
match many patients. Or, he can 
make eyes that perfectly match with 
the materials he carries. One of our 
experienced men visits most areas 
regularly—another reason to call or 
write our nearest office for your next 
ocular prosthesis. 


© Eyes custom made— 
glass or plastic 

© Eyes from stock sent on 
same day order received 
—glass or plastic 


Complete 
Artificial Eye 
Service 


Serving the Prof 


30 N. Michigan A\ 
Chicago 2, Illinois” 


DETROIT HOUSTON (Soper Bros.) 
MINNEAPOLIS $T. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 


CLEVELAND 
KANSAS 


URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package “Fresh 
Tissue Specimen—Rush.” 


A report of isolations of organisms and pathologic 
findings, including a slide, will be sent to the con- 
tributor. Credit will be given in any resulting pub- 
lications if desired. 


Telegraph collect if specimen being sent. 
Send eyes to 
Samuel Kimura, M.D., Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 
University of California School of Medicine 
San Francisco 22 


POSTGRADUATE COURSE 
and 
SUMMER CONVENTION OF THE 
COLORADO OPHTHALMOLOGICAL 
SOCIETY 
and the 
UNIVERSITY OF COLORADO 
MEDICAL CENTER 


Denver, Colorado 
July 21, 22, 23, 24, 1958 


SYMPOSIUM—CATARACT 


Jack S. Guyton, M.D., Detroit 

Jerome W. Bettman, M.D., San Francisco 
Frederick R. Carriker, M.D., Phoenix 
John C. Long, M.D., Denver 


Registration will be open to all members of 
the Society and qualified physicians on a limited 
membership basis. Tuition $50.00. 


Complete program and details will be 
mailed upon request to: 


Office of Postgraduate Medical Education 
University of Colorado School of Medicine 
4200 East Ninth Avenue 
Denver 20, Colorado 


4 
accurately matched 
© Fitted to all types of 
7 
© Implants, 
X-Ray therapy shields, 
foreign body locators 
© Superior Quality— 
Finest Workmanship 
ession Since 1851 


Stainless Steel 
Cataract Knives 


682 E83 E84 E85 


The grain structure of this alloy steel is dense and it 
will hold a keen penetrating edge. Improved methods 
in hardening, tempering and honing plus this new 


Stainless Alloy Steel have resulted in a superior knife. 


E-81* Cataract Knife, VON GRAEFE: 25mm x 1.5mm. 
E-82* Cataract Knife, VON GRAEFE: 27mm x 1.7mm. 
E-83* Cataract Knife, VON GRAEFE: 30mm x 2mm. 
E-84* Cataract Knife, VON GRAEFE: 33mm x 2.3mm. 
E-85* Cataract Knife, VON GRAEFE: 35mm x 2.5mm. 
each $10.00 


Alloy 
Cutlery Stainless Steel 


*Designates STAINLESS STEEL. 


Storz 
Stainless Steel 
Keratomes 


Stainless Steel 
longer life, as resharpening is 
needed less frequently. They do 
not rust, hence there is less dam- 
age due to rust, excessive wip- 
ing, improper cleaning or sterili- 
zation, which necessitates fre- 
quent resharpening of carbon 
steel knives. 


Knives have a 


E-230* Keratome, JAEGER: size 0, angled, 8mm x 9mm. 
E-231* Keratome, JAEGER: size |, angled, 9/2mm x Iimm. 
E-232* Keratome, JAEGER: size 2, angled, 11mm x 12!/2mm. 
E-233* Keratome, JAEGER: size 3, angled, 12!/2mm x 14mm. 
each $10.00 


*Designates STAINLESS STEEL. 


4570 Audubon Avenue, Saint Lovis 10, Missouri 
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make 
protection 
a part of 
every 

prescription/ 


Eyes worth correcting are worth protecting. Every one 
of your patients deserve maximum safety from dangerous and 
costly lens breakage. Benson’s HARDRx safety lenses — 
ground to a formula-determined thickness and scientifically 
heat treated — are toughened to resist impact. 


To impress on your patients that you’ve prescribed 
unexcelled lenses for them, the identifying tag shown at left 
is attached to each pair of genuine HARDRx lenses. 
Your patients will appreciate your thoughtfulness in 
prescribing this extra protection . . . and will tell 
their friends of your quality service. 


Join the growing number of doctors who specify HARDRx 
regularly. Remember: HARDRx prescriptions receive 
the same prompt handling. 


1913-1958 ... Our 45th year 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 


PRESCRIBE BENSON’S HARDRy SAFETY LENSES! [im 
most ade 
| THESE are. 
\ ( GENUINE 
| 
Executive Ofices Benin 7 
Minneapolis 2, Minn. OPTICAL COMPANY 


ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
All of problems confronting the alcoholic are discussed. 
these articles have 


appeared in TODAY’S HEALTH ALCOHOL AND CIRRHOSIS OF THE LIVER 


ent we available Relationship between alcohol, diet and cirrhosis. Increasing 
: stress on nutritional differences. 
in one pamphlet. by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 
Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 

by Edward A. Strecker and Francis T. Chambers, Jr. 


ALCOHOLISM THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 
a Nn by Lewis Inman Sharp 


CONDITIONED REFLEX TREATMENT 
OF CHRONIC ALCOHOLISM 


important Its place among methods of treatment today, 


its development and correlation with personality factors. 
by Walter L. Voegtlin 


proble INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 


Comparative differences, in drinking, with 

in today S livin £ the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW EXPERTS MEASURE DRUNKENNESS 
A partial transcript of an actual courtroom case. 
H. A. Heise 

8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 
A discussion of the dangers of mixing alcohol and ber ~ 


biturates. 
Donald A. Dukelow 
4 pages, 10 cents 


ADDRESS REQUESTS TO: 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 

CHICAGO 10, ILLINOIS 
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How many for ANISEIKONIA? 


Prudent practitioners often ask this question 
as they consider purchase of the AO Space 
Eikonometer. Chances are the answer will sur- 
prise you and will also indicate a very real way 
in which you can give added service to many 
more of your patients. 

The results of a long term survey (15 years) 
show that at least one out of every ten patients 
had symptoms that indicated the desirability of 
an examination for aniseikonia. 

Now, whenever case histories or symptoms 
show possible presence of this disturbing factor, 


you can make the necessary tests in your own 
office... quickly, easily and accurately...with the 
AO Space Eikonometer. 

An ingenious lens system and target design 
reduce examination time to minutes instead of 
hours. Simple, critically accurate subjective test- 
ing is provided for image size differences in 
horizontal, vertical and oblique meridians. Only 
6%" x 9%” of table space is required. 

It will pay you to talk to your Sales Represen- 
tative about the advantages of “on-the-spot” 
aniseikonia examinations. 


N OW Many practitioners are using 
simplified translation tables to design 
and procure aniseikonic lenses locally 
at a radical reduction in time and cost. 


American Optical Company 
INSTRUMENT DIVISION + BUFFALO 15, NEW YORK 
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WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 


| 
| Here are several booklets on mental hygiene 
| that may prove of interest and use to you 
| and your patients. 
ie | EMOTIONAL HEALTH IN WORK AND PLAY 
| T. R. Retlaw, 8 pages, 15 cents 


Sleeplessness 


| HYPNOTISM—HUMBUG OR HEALING 
: | James A. Brussel, 6 pages, 10 cents 
| YOUR STAKE IN MENTAL HEALTH 
| George S. Stevenson, 4 pages, 10 cents 


THE PSYCHIATRIST Edward Dengrove 
and Doris Kulman, 6 pages, 10 cents 


so YOU CAN'T SLEEP? 
by P. H. Fluck 
8 pages, I5 cents | BOOKLETS ON 


SLEEPLESSNESS AND WHAT TO DO | MENTAL HYGIENE 
ABOUT IT by Donald A. Laird, Ph.D. 
8 pages, 15 cents Keep a supply of these booklets on hand. 
ROADS TO RELAXATION | Available at lower cost for quantity pur- 
by Joseph L. Fetterman, M.D. 
4 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street @ Chicege 10 © Illinois 


AMERICAN MEDICAL ASSOCIATION | 
535 N. Dearborn St., Chicago 10, Illinois 
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( owe te hyd rochloride 


Schieffe 


Rapid onset . . . quick recovery saves time for patient and physician. 


Indications: Refraction—for rapid cycloplegia. 
Therapy—as a mydriatic, in controlling iritis, iridocyclitis, 
keratitis, and choroiditis; 
—to prevent lenticular adhesions (synechiae) ; 
—in infection, (with miotics) for preventing or breaking adhesions; 
— preoperatively, for cataract or other eye surgery. 


Supplied: 1% Solution in 2cc. and 15cc. dropper bottles; 
0.5% Solution in 15cc. dropper bottles. 


Co.) Fince 1794 
Pharmaceutical and Research Laboratories. 
28 Cooper Square, New York 3, N. Y. 

In Canada: W. Sofin Ltd., Montreal 25, Quebec 
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VES OF 


Optic Neuropathy of Exophthalmic Goiter (Graves’ 


Disease) 


JOHN W. HENDERSON, M.D., Rochester, Minn. 


Ophthalmologists who have frequent con- 
tact with persons afflicted with exophthalmic 
goiter (Graves’ disease) are aware that 
many of these patients complain of some 
blurring of vision. In the majority of these 
situations the disturbance of vision is caused 
by a change in the refraction of the eye 
secondary to the factor of increased pres- 
sure in the orbits. Less frequently the blur- 
ring of vision is due to some change in the 
cornea secondary to its exposure or to glau- 
coma which develops in cases of ex- 
ophthalmos accompanied by a marked 
increase in orbital pressure. In an occasional 
case papilledema is noted on ophthalmo- 
scopic examination, and any defect of vision 
that subsequently develops is attributed to 
this disturbance at the optic papilla. 

It is not well known that a disturbance 
of vision among these persons with endo- 
crine exophthalmos may also develop as a 
result of an intrinsic disorder within the 
optic nerve which may not be accompanied 
by papilledema or any other visible mani- 
festation of ocular dysfunction except loss 
of vision. In such situations the loss of 
vision cannot be explained except by per- 

Received for publication July 22, 1957. 

Read at the meeting of the American Ophthal- 
mological Society, Hot Springs, Va., May 30 to 
June 1, 1957. 

Section of Ophthalmology, Mayo Clinic and 
Mayo Foundation. The Mayo Foundation, Roches- 


ter, Minn., is a part of the Graduate School of 
the University of Minnesota. 


forming studies of the visual fields. 
Throughout the voluminous literature on the 
subject of Graves’ disease there are several 
reports of cases wherein a visual disturbance 
due to some lesion in the optic nerve was 
suspected but, because an examination of 
the visual field was not performed, the loca- 
tion of the disorder within the optic nerve 
was not proved. 

To identify this particular type of dis- 
turbance within the optic nerve the term 
“retrobulbar neuritis” most frequently ap- 
pears in the literature. In a recent review 
of the various types of disorders that may 
affect the optic nerve during the course of 
endocrine exophthalmos, Wagener! 
cluded references to reports on “retrobulbar 
neuritis” and “optic neuritis.” In the 
majority of these references only one or two 
examples are reported, and because the ob- 
servation periods are so short a long-term 
evaluation of the course and prognosis of 
the disease cannot be made, 

Only in the reports of Igersheimer ? (six 
cases) and of Hedges and Scheie* (six 
cases) are a sizable number of cases of this 
disease reported. Four of the six cases re- 
ported by Igersheimer (his Cases 2, 3, 4, 
and 6) can, by reason of the studies of the 
visual field and data reported, definitely be 
said to be examples of so-called retrobulbar 
neuritis, 

Although a report of six cases would not 
be considered a significant contribution if 
judged by the usual standards of medical 
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reporting, it seems unusual for any one 
ophthalmologist to have the opportunity to 
observe even this many cases if the paucity 
of reported cases of this complication is 
considered in proportion to the number of 
persons with Graves’ disease. 

When the studies of Igersheimer and of 
Hedges and Scheie were published, I was 
collecting data on six cases that had been 
observed at the Mayo Clinic in the period 
1951 to 1955, inclusive. In view of these 
publications I decided not to present my data 
as a separate study of the disease but instead 
to correlate them with those of Igersheimer 
and of Hedges and Scheie in order that a 
better over-all understanding of the behavior 
of this complication affecting the optic nerve 
might be obtained. By such a correlation 
conclusions can be drawn from a study of 
16 cases by four observers (Igersheimer, 
four cases; Hedges and Scheie, six cases; 
six cases from Mayo Clinic). This will 
permit a more lucid evaluation of the disease 
than would be possible if single cases from 
multiple observers were correlated. A some- 
what similar summary of the reports among 
the European literature was published by 
Danis and Bastenie.* These observers sum- 
marized the data collected from 12 cases 


that had been reported by eight different 
authors. 


. Summarized Reports of Cases 


Case 1.—A white man, 64 years of age, 
underwent initial examination at the clinic 


on July 17, 1951. 


V. 0.8, : 6/12 
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A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Thyroid Status——Basal metabolic rate, 
+36%. Diagnosis: exophthalmic goiter. 

Ocular Findings.—Visual acuity in right 
eye, 6/15; in left eye, 6/12. Results of 
ophthalmoscopic examination, negative. 
Hertel measurements: right, 23; left, 21; at 
base, 99. Eyelids retracted moderately ; soft 
tissues of orbits were not edematous; globes 
were not chemotic. Examination of the 
visual fields showed bilateral central 
scotomas (Fig. 1). 

Treatment and Course of Disease —Sub- 
total thyroidectomy was performed on July 
26. At final examination, on Aug. 3, 1951, 
the patient's vision was normal. The 
scotomas had disappeared, but the degree of 
exophthalmos and retraction of the eyelids 
remained unchanged, 

CasE 2.—A white woman, 61 years of 
age, was examined at the clinic on way 6, 

Thyroid Status.—She had treated 
with radioactive iodine during September, 
1952, for hyperthyroidism. In February, 
1953, exophthalmos was noted. Four weeks 
prior to examination at the clinic visual 
blurring noted. Basal metabolic rate, 
+18%. Diagnosis: residual hyperthy- 
roidism of minimal degree. 

Ocular Findings.—Visual acuity in right 
eye, 6/30; in left eye, 6/12. Results of 
ophthalmoscopic examination, negative. 
Hertel measurements: right, 26; left, 27; 
at base, 116. There were marked edema of 
the eyelids, moderate congestion of the 
globes with minimal chemosis, and moderate 
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Fig. 1.—Bilateral cen- 
tral scotomas. 
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Test objects: 9/1,000 white Test objects: 
1/1,000 white 
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Fig. 2.—Relative central de- 
pression with arcuate scotomas. 


ophthalmoplegia. The eyelids were not re- 
tracted. Visual fields showed central de- 
pression with arcuate scotomas below the 
fixation points (Fig. 2). 

Treatment and Course of Disease.— 
Strong iodine (Lugol’s) solution U.S. P. 
and desiccated thyroid were prescribed, and 
a course of x-ray treatment was given to the 
orbits. Examination elsewhere on Oct. 19, 
1955, showed visual acuity in the right eye 
to be 6/6; in the left eye, 6/7.5 Hertel 
measurements: right, 21% ; left, 23; at base, 
105. 

Case 3.—A 50-year-old white woman was 
first examined at the clinic on Sept. 20, 1951. 

Thyroid Status ——History of partial thy- 
roidectomy for “goiter” in February, 1950; 
in September, 1950, onset of exophthalmos; 
in March, 1951, blurring of vision first 


V.0.3.: 6/60 
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noted. An unknown amount of x-ray 
therapy had been administered to each orbit, 
and propylthiouracil had been prescribed. 
Basal metabolic rate, —12%. Considered 
euthyroid. 

Ocular Findings.—Visual acuity in left 
eye, 6/60; in right eye, limited to ability to 
count fingers. Ophthalmoscopic examination 
gave negative results. Hertel measurements: 
right, 29; left, 28; at base, 112. Marked 
ophthalmoplegia and swelling of eyelids 
noted; moderate congestion and chemosis 
of globes. Visual fields showed central 
scotomas and peripheral contraction (Fig. 
3). 

Treatment and Course of Disease.—Bi- 
lateral orbital decompression was carried out 
on Oct. 3, 1951. At final examination, on 
Oct, 29, visual acuity had improved: right 


V.O.D.: Counts fingers 
at 1 foot 
ects: 35/1,000 


white 


Fig. 3.—Relative central 
depression and arcuate sco- 
toma, left eye. Central sco- 
toma, right eye. 
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Fig. 4.—Bilateral cen- 
tral scotomas. 


eye, 6/12; left eye, 6/15. Some recession 
of chemosis was noted; proptosis and 
ophthalmoplegia remained unchanged. 

Case 4.—A white woman, 46 years of 
age, underwent initial examination at the 
clinic on June 5, 1952. 

Thyroid Status—History of “thyroid 
operation” in December, 1950. In January, 
1952, given “thyroid” because of dry skin, 
and in February, exophthalmos noted. 
Visual blurring noted three weeks prior to 
coming to clinic. Had had rheumatoid 
arthritis for 10 years. Basal metabolic rate, 
—16%. Diagnosis: mild myxedema. 

Ocular Findings.—Visual acuity in each 
eye, 3/60. Results of ophthalmoscopic ex- 
amination, negative. Hertel measurements: 
right, 24%; left, 25; at base, 105. Moderate 
ophthalmoplegia, swelling of the soft tissues, 
congestion of globes, marked retraction of 


Fig. 5.—Central scotoma, left eye. 


OOo & 1000 white 


eyelids, minimal chemosis. Examination of 
the visual fields disclosed central scotomas 
(Fig. 4). 

Treatment and Course of Disease.— 
Desiccated thyroid and strong iodine solution 
U. S. P. were prescribed. At final examina- 
tion, on Sept. 16, 1953, visual acuity had 
improved: right eye, 6/10; left eye, 6/6. A 
tiny central scotoma dense to 1 mm. white 
target at a distance of 2 meters was still 
present in the right visual field; the visual 
field of the left eye was normal. Slight 
abatement was noted in the ophthalmoplegia 
and exophthalmos. 

Case 5.—A white man, 63 years of age, 
came to the clinic for initial examination on 
Dec. 17, 1952. 

Thyroid Status—The patient had been 
treated for 11 years for low basal metabolic 
rate. Bilateral exophthalmos and decreased 
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vision in the left eye were noted in the 
spring of 1952. In July his basal metabolic 
rate was high ; administration of thyroid pills 
was discontinued, and that of propyl- 
thiouracil, commenced. Basal metabolic rate, 
—7%. He was considered euthyroid. Visual 
acuity in right eye, 6/7; in left eye, 2/60. 
Ophthalmoscopic examination gave negative 
results. Hertel measurements: right, 26; 
left, 28; at base, 105. Moderate congestion 
and chemosis of globes. Examination of 
visual fields showed a central scotoma in the 
left eye (Fig. 5). 

Treatment and Course of Disease-—The 
patient was given desiccated thyroid and 
strong iodine solution U. S. P. Examination 
elsewhere in June, 1955, showed visual 
acuity corrected to 6/6 in the right eye and 
to 6/15 in the left eye.® Scotomas were not 
demonstrable with the 2/1000 white test ob- 
ject. 

Case 6.—A 49-year-old white woman was 
examined at the clinic in April, 1954. 

Thyroid Status—History of swelling of 
the ankles, nervousness, and pain in the eyes 
of one year’s duration. Basal metabolic rate, 
+44%. Diagnosis: hyperthyroidism. Nor- 
mal vision, no exophthalmos. Radioactive 
iodine was given. In January, 1955, the 
patient seemed euthyroid clinically. In 
March, 1955, visual blurring was noted. In 
July, 1955, the basal metabolic rate was 


—12%. The patient was still considered 
euthyroid. 


Ocular Findings.—Hertel measurements: 
right, 25; left, 26; at base, 105. Moderate 
ophthalmoplegia, marked chemosis. Visual 
acuity in each eye, 6/60. Bilateral central 
scotomas in visual fields (Fig. 6). 

Treatment and Course of Disease.—In 
August, 1955, bilateral transfrontal orbital 
decompression was carried out. In October, 
1955, visual acuity of the right eye was im- 
proved to 6/15 and the scotoma was smaller ; 
visual acuity in left eye was decreased to 
ability to count fingers, and the scotoma was 
larger and denser. Final examination at the 
clinic, in June, 1956, showed visual acuity 
in the right eye, 6/6; in the left eye, 6/12. 
Scotoma in the right eye was not demon- 
strable with small test objects, but a tiny 
scotoma above the blind spot was still de- 
monstrable in the left eye. The patient was 
euthyroid, and the degree of exophthalmos 
was less, 

The findings in these 6 cases have been 
correlated with findings in 4 of the cases in 
Igersheimer’s report and with those in the 
6 cases of Hedges and Scheie—an over-all 
total of 16 cases (Table). 


Results of Combined Study 


Age and Sex Incidence.—A survey of the 
over-all series showed that all but 4 of the 
16 patients were women. In 15 cases (in 1 
case reported by Hedges and Scheie the 
patient’s age was not stated) the ages ranged 
from 37 to 88 years. These two extremes 


Test objects 


Test objects 


1000 white & 1606 white 7080 white & 7600 white 


Henderson 


Fig. 6—Bilateral central scotoma. 
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* R, right; L, left; C. F., counts fingers. 


of age were represented by female patients. 
The ages of the four men ranged from 56 
to 69 years. Excluding the upper and lower 
age limits, the numbers of pat‘ents in each 
of the fifth, sixth, and seventh decades were 
nearly equal. The average age of the 15 
patients was 56.5 years. 

Thyroid Status—When the thyroid 
status of the 16 patients was considered, 
there seemed to be a hodgepodge of findings. 
In six patients hyperthyroidism or thyro- 
toxicosis might have been a factor at the 
onset of the visual disturbance, and in 
another three cases, although hyperthy- 
roidism had once been present, it seemed to 
be under control or was considered to be 
in remission at the time the patient was 
examined. Five of the patients were con- 
sidered to be in a euthyroid state; one of 
them had previously undergone an operation 
on the thyroid. In one other patient opera- 
tion had been performed on the thyroid 
prior to the visual difficulty, but this patient 
had mild myxedema when visual blurring 
occurred, 

Ocular Findings—Of the 16 patients 
surveyed il showed involvement of both 
eyes and 5 showed involvement of only one 
eye. The disorder, then, seemed to occur 
twice as frequently in both eyes as in one 
eye. On the basis of Hedges and Scheie’s 
report alone (four unilateral and two bi- 
lateral cases), however, quite the opposite 
impression might be gained, whereas in my 
own six cases (five bilateral and one uni- 
lateral involvement) the disease was pre- 
dominantly bilateral. 


In trying to assess the severity of the 
hyperophthalmopathy on the basis of the 
amount of exophthalmos and the intensity 
of changes of the soft tissue and ophthalmo- 
plegia in relation to the incidence of involve- 
ment of the eye, the data were studied from 
the standpoint of whether the orbital changes 
were mild, moderate, or severe. Although it 
was my prior impression that the ocular 
disorder occurred in severer instances of 
hyperophthalmopathy, no correlation could 
be found in this series of cases; as many 
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cases occurred in association with mild hy- 


perophthalmopathy as with severe orbital 
disturbance. 


Regarding vision itself, all degrees of 
visual impairment were noted. In most in- 
stances of bilateral involvement the visual 
loss was not the same in the two eyes. At 
no time did any of the patients show a visual 
loss beyond the ability to count fingers. 
Although the rapidity with which vision was 
lost was a factor difficult to assess accurately, 
it was my impression, based on the report by 
Hedges and Scheie as well as on my own 
cases, that the visual decrease occurred fairly 
rapidly, that is, over a period of two to six 
weeks, in most of the cases. 

The defects in the visual fields showed 
a fairly consistent pattern, the loss of vision 
being due to a central or paracentral 
scotoma, to a defect of a nerve-fiber bundle, 
or to a combination of the two. The ma- 
jority of patients showed the central 
scotoma type of defect, the scotoma possess- 
ing very sharp borders with a density vary- 
ing from 1/1000 up to and _ including 
35/1000 white test objects and varying in 
size from 5 degrees in diameter up to 30 
degrees. As a rule, the periphery of the 
visual fields in these patients was unaffected. 

The ophthalmoscopic examination among 
these patients consistently failed to show 
an explanation for the visual loss except 
in one of Igersheimer’s patients. In his 
Case 2 temporal pallor of one optic disc was 
noted and doubtful temporal pallor of the 
other optic disc was recorded. In this par- 
ticular case the pallor of the disc probably 
reflected the long duration of the visual loss. 
In one patient of Hedges and Scheie’s series 
papilledema was present, but this was not 
believed to account for the type of defect 
that was present in the visual fields. 

Course of Disease and Treatment.—A 
perusal of the 16 cases revealed that in 14 
the course of the disease was characterized 
by a tendency of the visual loss to reach a 
climax and then to abate. In the two excep- 

tions (one case reported by Igersheimer and 
one case reported by Hedges and Scheie in 
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which there was bilateral involvement) the 
visual acuity in at least one eye of each 
patient remained poor, owing to the onset 
of optic atrophy. In the Igersheimer case 
pallor of the disc was noted at initial ex- 
amination, and in the case of Hedges and 
Scheie papilledema was noted on the initial 
examination of the eye. On this basis it 
would seem that the presence of either pallor 
of the disc or papilledema at the time of the 
initial examination would prognosticate an 
unfavorable trend in so far as recovery of 
vision is concerned, but in all fairness it 
must be pointed out that although the other 
eye of the patient whose case was reported 
by Hedges and Scheie also exhibited papil- 
ledema a similar loss of vision was not 
present. 


The degree of visual recovery varied con- 
siderably. On the basis of the report by 
Hedges and Scheie the evidence favored an 
excellent prognosis, because in five of their 
six patients vision returned to normal. How- 
ever, among the remaining 10 cases only 1 
patient recovered normal vision in both eyes 
and in 4 patients a final vision of 6/6 was 
noted in one of the involved eyes. In no 
instance was the patient left helpless by 
reason of poor vision in both eyes. 

The patients of this combined study re- 
ceived a very representative cross section 
of nonsurgical as well as surgical treatment 
now in common usage for basic thyroid 
dysfunction. One or more of these patients 
received propylthiouracil, radioactive iodine, 
desiccated thyroid, strong iodine solution, 
corticotropin, x-ray irradiation to the orbits, 
subtotal thyroidectomy, decompression of 
the orbit, or combinations of several treat- 
ments during the course of observation, The 
effect of these various agents was such as 
to make it impossible to relate definitely 
either the onset of the visual failure or its 
improvement to the influence of any par- 
ticular treatment. The course of the disease, 
in other words, seemed independent of the 
treatments attempted. In the survey of 
various cases collected among the literature 
as carried out by Danis and Bastenie,4 
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rather similar conclusions were reached as 
to the ineffectiveness of treatment in the 
course of the disorder. 


Comment 


In all case reports of this disorder wherein 
studies of visual fields were included the 
observers have placed the site of the dis- 
turbance in the optic nerve. In general, 
particularly in those cases in which papil- 
ledema was not present, the retrobulbar por- 
tion of the nerve has been suspected as 
harboring the pathologic change responsible 
for the scotomas. Indeed, the central 
scotomas and arcuate defects of the nerve- 
fiber bundle are very similar in configuration 
to the defects in the visual fields of patients 
with retrobulbar neuritis who do not have 
Graves’ disease. Several observers, for these 
reasons, have designated this visual compli- 
cation occurring during the course of Graves’ 
disease as a retrobulbar neuritis, and the 
clinical behavior of these two disorders, 
characterized by a fairly rapid decrease in 
vision followed by some degree of improve- 
ment, is similar. 

On the possibility that the factors re- 
sponsible for the common type of retro- 
bulbar neuritis not associated with Graves’ 
disease are different from the factors con- 
tributing to the onset of the disorder of the 
optic nerve under discussion and to help 
differentiate the two disorders clinically, 
even though they have a common anatomic 
location, it is my suggestion that the term 
“optic neuropathy of Graves’ disease” be 
used rather than the term “retrobulbar 
neuritis” until such time as the etiologic 
factors responsible for the disease are more 
clearly elucidated. 

There is much speculation regarding the 
etiology and pathogenesis of this neuropathy. 
Terms such as “neurotoxic origin” or “toxic 
origin” have been used by several observers 
to explain the pathogenesis. In a situation 
such as that represented in Case 1 of my 
series, wherein the patient’s recovery was 
exceedingly rapid on relief of the thyro- 
toxicosis, such a theory of neurotoxins 
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would be difficult to refute. This theory, 
however, cannot explain all cases. 

The other theory, the mechanical one, is 
a natural evolution from the clinical observa- 
tion of increased volume of the retro-orbital 
tissues as well as increased orbital pressure 
that accompanies so many of the cases of 
so-called hyperophthalmopathy of Graves’ 
disease. This theory, like the preceding one, 
does not apply to all cases, for there were 
many patients in this survey who did not 
exhibit a severe degree of hyperophthalmop- 
athy. Likewise, I have seen many patients 
with hyperophthalmopathy of a degree much 
severer than that of any of the patients de- 
scribed in this survey who did not have any 
loss of vision due to a disturbance within 
the optic nerve. If mechanical factors, such 
as high orbital pressure, do affect the optic 
nerve, I would be inclined to hold these 
factors responsible for the papilledema that 
is seen in some cases rather than the neurop- 
athy under discussion. 

It is my feeling that the lesion also might 
be produced not by mechanical or toxic 
factors acting directly on the nerve fibers 
but instead by factors affecting the optic 
nerve indirectly through the medium of its 
vascular supply. An ischemic edema of the 
nerve (by this I mean a transient spasm of 
one of the nutrient vessels within the retro- 
bulbar portion of the optic nerve followed 
by a transudation of fluid into the tissues 
with subsequent return of normal tone to 
the vessel and absorption of fluid) similar 
to that seen with a so-called central serous 
retinopathy might occur during the course of 
the hyperophthalmopathy. In _ disorders 
characterized by an ischemic edema there is 
often an initial severe degree of functional 
embarrassment of the part affected, with 
return of function as the edema subsides. 
If such a pathogenesis does exist, however, 
I have no idea as to the factor that triggers 
off the initial vascular spasm. In the few 
patients who did not show visual improve- 
ment, the initial spasm may have been of 
such duration as to impair the nutrition of 
the nerve fibers beyond the point of revers- 
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ibility, a pallor of the disc being the end- 
result. 

Attention was directed earlier to the 
clinical fact that the majority of these pa- 
tients do not show any papilledema or 
“papillitis.” This does not preclude the 
possibility that papilledema may occur, as it 
does in a few instances, but when both 
central scotomas and papilledema are 
present in the same eye I consider this coin- 
cidental. The factors producing the 
papilledema are more likely to be the afore- 
mentioned mechanical forces, and the pa- 
tients having hyperophthalmopathy who 
show only papilledema do not have loss of 
vision in the initial stages. If the papilledema 
in these particular cases is of short dura- 
tion, vision will not be impaired, but if the 
papilledema is chronic or of long duration 
then secondary optic atrophy will occur. 
In this latter situation defects of the visual 
field usually will involve the periphery of 
the field (generalized contraction) first 
rather than produce the central scotomas 
characteristic of the neuropathy under dis- 
cussion. In short, then, I consider the optic 
neuropathy of Graves’ disease and papil- 
ledema to be manifestations of different 
mechanisms affecting the optic nerve during 
the course of the hyperophthalmopathy. 

In the first several cases of this disorder 
that | observed I was anxious that the pa- 
tients undergo orbital decompression lest 
vision become irreversibly lost. When some 
of the patients refused this well-meaning 
advice, I was greatly relieved, as was Iger- 
sheimer, to learn that vision improved with- 
out this surgical aid. As I have observed 
more patients having this condition and as I 
have benefited from the reports of other 
physicians who have encountered similar 
cases, I have come to the conclusion that 
loss of vision due to this disorder of the 
optic nerves need not be considered a positive 
indication for decompression. On the other 
hand, it is my feeling that for patients who 
have Graves’ disease accompanied by papil- 
ledema, orbital decompression should be 
seriously considered as the treatment of 
choice. 
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Summary 


Six cases of an infrequent and seldom- 
recognized disorder of the optic nerve 
occurring during the course of Graves’ dis- 
ease are described. 

These 6 cases are correlated with 10 other 
cases recently reported from two different 
sources. On the basis of the study of this 
combined series, some conclusions are drawn 
as to the behavior of the disease. 

The disorder is manifested by the demon- 
stration of either central scotomas or de- 
fects of the nerve-fiber bundle on testing of 
visual fields. Its clinical course is similar 
to so-called retrobulbar neuritis. To help 
differentiate retrobulbar neuritis from the 
disorder under discussion the term “optic 
neuropathy of Graves’ disease’ is pro- 
posed. 

Neither the clinical status of the thyroid 
gland at the onset of the disorder nor the 
usual treatments prescribed for the basic 
thyroid-pituitary dysfunction seem to have 
any influence on the course of the optic 
neuropathy. The disease has a good prog- 
nosis in that the majority of the patients 
have return of useful vision. 


Some theories as to the possible patho- 


genesis of the optic neuropathy are dis- 
cussed. 


Mayo Clinic. 
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The Effect of Cigarette Smoking on the Intraocular 


Circulation 


JEROME W. BETTMAN, M.D.; VICTOR FELLOWS, M.D., and PETER CHAO, M.D., San Francisco 


The practice of cigarette smoking is ex- 
tremely widespread; nicotine is probably the 
most frequently used drug in the world, and 
yet the effect of smoking on the intraocular 
vascular system is very poorly understood. 
There are two broad reasons why our 
knowledge is so limited: First, the action of 
nicotine is diverse and complicated; second, 
the methods of studying the effects of drugs 
on the intraocular circulation are inaccurate, 
limited, difficult, or disturbing to the phys- 
iology. It is a widespread assumption that 
smoking causes a generalized constriction 
of intraocular blood vessels, but, as we will 
discuss, this is not necessarily true. 


We will consider first some pharmacologi- 
cal effects of smoking and nicotine, then the 
actions of the drug nicotine on the vascular 
tree, and finally our own experimental find- 
ings concerning the effect of smoking and 
nicotine on the intraocular circulation. 

A normal-sized commercial American 
cigarette weighs approximately 1 gm. and 
contains approximately 20 mg. of nicotine. 
The nicotine may be present either as the 
free base or as a salt. In the form of the 
free base it is more rapidly absorbed but 
more irritating than as a salt.1_ When the 
cigarette is smoked, approximately 35% of 
the nicotine is volatilized into the side- 
stream; that is, it goes off into the atmos- 
phere. An additional 35% is destroyed at 
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the burning tip, and approximately 6% 
condenses and is collected in the nonburning 
butt. Therefore, about 24% actually enters 
the smoker’s respiratory system. If two- 
thirds of the cigarette is smoked, approxi- 
mately 3.3 mg. of nicotine enters the 
respiratory system. If the smoker inhales, 
he absorbs 90% of the nicotine. We thus 
know that a person who smokes an ordinary 
cigarette and inhales receives a dose of 3 
mg. of nicotine. As will be demonstrated 
subsequently, this is an ample amount to 
produce definite effects on the cardiovascular 
system of man or of animals. It is fortunate 
that nicotine is rapidly destroyed or elimi- 
nated, since a person who smokes two pack- 
ages in a day receives 60 mg. of nicotine—a 
lethal dose. 

It is important to establish the dose and 
action of nicotine, since it is this drug alone 
which causes the vascular effects of smok- 
ing. The other constituents of smoke—pyri- 
dine base, carbon monoxide, ash of cigarette 
paper, and others—produce no such effect.” 

The pharmacologic action of nicotine is 
a complicated one. The main action consists 
of a primary transient stimulation and a 
secondary more persistent depression of all 
sympathetic and parasympathetic ganglia. 
But, in addition, nicotine stimulates the cen- 
tral nervous system, especially the respira- 
tory, vasomotor, and emetic centers. There 
is also evidence that nicotine may act di- 
rectly on the smooth muscle cells of the 
blood vessels to produce vasoconstriction. 

It should be obvious from the above that 
the action of nicotine is not only compli- 
cated but unpredictable and that the actual 
effect on any given person will vary from 
marked vasoconstriction of peripheral ves- 
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sels in one to vasodilation in another. For 
example, nicotine may increase the heart 
rate by excitation of the sympathetic or 
depression of the parasympathetic system 
or slow the heart rate by the reverse actions. 
In addition to this, the heart may be influ- 
enced by a direct effect on the medullary 
centers, plus compensatory reflex changes 
and a tendency for nicotine to produce a 
discharge of epinephrine.® 

The practical importance of this is that 
patients will vary enormously in the vascular 
response to cigarette smoking. 

Studies of the effect of cigarette smoking 
on a series of normal humans revealed that 
one out of five showed no response Of 
the majority (four out of five) who showed 
a response there was peripheral vasocon- 
striction, manifest by a drop in skin tem- 
perature, increase in blood pressure, and 
increase in pulse rate. This effect was gen- 
erally more marked in women than in men, 
lasted from a few minutes to a half hour, 
and was more marked with rapid smoking 
than with slow smoking and with inhaling 
than with puffing. A minority of persons 
reacted to cigarette smoking with peripheral 
vasodilation instead of constriction. It is 
interesting to note that this group had a 
marked aversion to smoking and regularly 
became nauseated and dizzy if they tried it. 

The effect is only slightly reduced by the 
commercially available filters or denicotin- 
ized cigarettes. The nicotine in a cigarette 
must be reduced by more than 60% before 
the vascular effects of smoking fail to ap- 
pear or are only slight. The most effective 
filter is the lung,” and consequently the 
vascular effect is not eliminated by the much 
less effective commercially available filters. 
The desire for the vasoconstrictor effect of 
nicotine is so marked that the introduction 
of filters that reduce this effect has resulted 
in an increase in the sale of lower grades of 
tobacco containing more nicotine—thus nul- 
lifying the effect of filters.* 

It is probable that peripheral vasoconstric- 
tion results in increased cerebral and intra- 
ocular blood volume, and the peripheral 
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vasodilation is associated with a decrease in 
the latter. One can theorize that those pa- 
tients with the marked peripheral vasocon- 
striction and central dilation may benefit 
from the latter as suggested by the state- 
ment of those who “need a cigarette in order 
to think clearly,” whereas those persons who 
have been demonstrated to have peripheral 
vasodilation and an aversion to cigarettes 
associated with vertigo and nausea may 
experience the latter because of decreased 
cerebral blood flow. 


In light of the variations in peripheral 
vascular response in a location in which the 
blood vessels are readily available to clinical 
and experimental study, it is not surprising 
that little is known regarding the response 
of the intraocular circulation to smoking. 

Let us now consider the methods of 
studying the effect of smoking and nicotine 
on the intraocular blood vessels that are 
available to us. These may be grouped as 
follows. 


I. Direct Observation of the Vessels 
of the Retina 


These include direct observation with the 
ophthalmoscope, with or without a grid,® 
photography with a fundus camera,!®" and 
photography with a Leitz Ultropak micro- 
scope and a Koeppe contact lens. Within 
this group the only method of promise is to 
photograph the retinal vessels with a fundus 
camera and then to measure the retinal blood 
vessels while viewing the photograph 
through a low-powered microscope contain- 
ing a micrometer in the ocular. This method 
was used by us and will be discussed later 
in this paper. 

Direct observation with an ophthalmo- 
scope is unsuccessful, since changes, if they 
occur, are in the order of 15% or less and 
are not appreciated. In addition to this diffi- 
culty, it is almost impossible to maintain 
fixation on a given segment of a vessel for 
a long period of time, and aberrations in 
different sections of the cornea may cause 
apparent variations in size more marked 
than the actual ones. 
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II. Direct Observation of the Blood 
Vessels of the Choroid 


The scleral window technique of Leo- 
pold ** involves the insertion of a plastic 
button under the sclera, removing the over- 
lying sclera, and observation of the 
underlying choroidal blood vessels with a 
microscope. The technique obviously in- 
volves some trauma and only permits exam- 
ination of the larger choroidal vessels. 
Leopold was unable to find any agent which 
would increase the diameter of these vessels, 
although several diminished the diameter.” 
We have not used this technique, and 
Leopold did not test smoking or nicotine by 
this method. 


III. Secondary Physiologic Effects 

Resulting from Changes in Vascularity 

Techniques dependent upon secondary 
physiologic effects resulting from changes in 
vascularity include electroretinography,'** 
tests of flicker-fusion frequency,’® angio- 
scotometry, and changes in intraocular ten- 
sion. All of these methods except the last 
can be influenced by changes in the retinal 
synaptic functions *® as well as by vascular 
changes and therefore are not reliable.?° 
Changes in intraocular tension are induced 
by so many factors that it is difficult to 
evaluate. 


IV. Determination of Blood Volume 
Changes in Choroid and Retina by 
Use of Radioactive Phosphorus 


Radioactive phosphorus has been used by 


us for several years in the study of various 


Injected 


soon | diffuses ovt of 
the blood vessel. 


Figure 1 
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factors that influence the volume of blood 
in the choroid and retina.** Before reporting 
on our experimental results on the smoking 
of cigarettes and use of nicotine, we will 
present a brief review of the method itself. 

In brief, this technique, adapted from 
Berson and Yalow,”” is as follows: Radio- 
active phosphorus (P*?) is incubated with 
10 cc. of blood withdrawn from an experi- 
mental animal (in this instance, a cat). This 
causes the P®* to enter into the red blood 
cells, where it is confined for a number of 
hours. The red cells are then centrifuged, 
washed three times, resuspended in saline, 
and reinjected into the animal. Thus, any 
P*? that did not enter the red cells is washed 
away. All of the radioactivity is contained 
in the red blood cells, which, in turn, are 
confined to the vascular tree. As the P®? 
is equally distributed throughout the vas- 
cular tree in a very short time, an increase 
in radioactivity means that a greater volume 
of blood is present under the counting tube. 
A decrease in radioactivity indicates the 
reverse. 

The basis of this technique is demon- 
strated in the accompanying illustrations. 
If the P** is not incubated into the red cells, 
it soon diffuses out of the blood vessel (Fig. 
1). However, if the P** is incubated into 
the red cells, all of the radioactivity is con- 
fined within the blood vessel (Fig. 2). If a 
Geiger-Miller tube is placed over the sclera, 
it detects the radioactivity in the blood ves- 
sels immediately below it. P*? emits only 
B-particles, which travel a maximum of 8 
mm. through tissue. If the conjunctiva is 
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Geiger Miller tube 
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+Vitereous 


Radioactivity is from Choroid and Retina 
Figure 3 


removed, a Geiger-Miiller tube placed over 
the sclera, posterior to the ora serrata, could 
receive impulses only from the following 
tissues: the sclera, which contains a negli- 
gible volume of blood; the choroid, which 
contains most of the blood; the retina, with 
some blood, and the vitreous, which contains 
no blood (Fig. 3). As most of the blood 
is in the choroid, with some in the retina,?* 
the radioactivity is derived from these struc- 
tures. If the volume of blood in these 
structures is increased, more radioactivity 
will be detected by the Geiger-Miiller tube 
(Fig. 4). 

This new technique is the only one that 
permits the study of changes in the total 
blood volume of the choroid and retina. The 
associated experimental trauma is minimal. 
The technique has been used in a systematic 
study of factors that influence intraocular 
blood volume in cats.** During the course 
of these studies it was found that smoking, 
under certain conditions, increased the intra- 
ocular blood volume. 
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Fig. 5.—Effect of rapid smoking of cigarette. 
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Increase in blood volume 
results in more radioactivity 
B under Geiger tube. 


Figure 4 


If an ordinary commercial cigarette was 
smoked very rapidly through the inhalation 
tube on the breathing machine, a significant 
and consistent rise in intraocular blood vol- 
ume resulted (10 animals) (Fig. 5). It 
must be emphasized that this consistent 
change only occurred when the cigarette was 
smoked much more rapidly than usual. If 
the cigarette was smoked at an ordinary rate 
(in 7 to 10 minutes), no definite change in 
the blood volume resulted (Fig. 6). If a 
cigarette with part of the nicotine extracted 
(Sano brand was used) and more filtered 
out by use of a “Denicotea” filter was 
smoked at a moderate rate, no change oc- 
curred, but if it was smoked rapidly (two 
to four minutes) some increase in blood 
volume still took place. 

If the usual commercial cigarette was im- 
pregnated with an additional 20 mg. of 
nicotine and then smoked at the usual rate, 
a variable increase in blood volume did occur 
in 13 of 15 animals. 
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Fig. 6—Effect of slow smoking of cigarette. 
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Fig. 7—Effect of injection of nicotine solution. 


That the increase in blood volume is due 
to nicotine, and not to some other factor in 
the smoking, is suggested by the above re- 
sults and corroborated by the injection of 
a solution of nicotine intravenously. The 
effect of intravenous injection of nicotine 
is shown in Figure 7 (eight animals). The 
similarity to the effect of large doses of 
nicotine given by inhalation is obvious. 

It is probable that the increase in blood 
volume within the eye is secondary to pe- 
ripheral vasoconstriction and in this sense 
is a passive dilation. 

There are objections to concluding that 
smoking in humans results in an increase in 
blood volume within the eye. These findings 
are on cats, not humans, and the smoking 
rate was more rapid and the dose per body 
weight was large. It has long been thought 
that nicotine constricts retinal vessels in 
humans. It must be remembered, however, 
that the effect of many drugs on the intra- 
ocular blood volume is frequently secondary 
to, and hence the opposite of, the effect on 
the peripheral vessels. The possible objec- 
tion that the animals have never smoked 
before is probably not valid, since it has 
been demonstrated that acquired tolerance 
to the vasomotor effect of tobacco does not 

Our technique used in cats was not con- 
sidered applicable to humans, because the 
dose of P®? which could be used in humans 
was so low that statistically significant 
counts could not be obtained. Larger doses 
might result in legal action and therefore 
were not used. 
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Studies in Humans 

In a search for a technique applicable to 
humans it was felt that examination of 
photographs of the retinal vessels under a 
dissecting microscope with a micrometer for 
accurate measurement might be rewarding. 
This technique had been used by Sieker and 
Hickam **5 in a study of the retinal vas- 
cular reactivity in response to inhalation of 
oxygen. 

It was felt that this technique was defi- 
nitely superior to the use of a graticule or 
micrometer in an ophthalmoscope as used 
by Cusick and Herrill many years ago.?%-** 
We tried this but found it impossible to 
obtain dependable accurate measurements of 
the same area of the same vessel, and for 
this reason we decided on fundus photo- 
graphs examined under the dissecting micro- 
scope. 

These experiments were conducted in the 
following manner: A human subject had 
two control photographs taken of his 
fundus. A cigarette was smoked, and fun- 
dus photographs were taken when the ciga- 
rette was half smoked, when it was 
completely smoked,-and 10 minutes after 
smoking. After a rest period another fun- 
dus photograph was made. The subject was 
then asked to breathe pure oxygen for five 
minutes, and an additional fundus photo- 
graph was made. 

As oxygen inhalation had previously been 
demonstrated to constrict the retinal vessels, 
it was felt that the response to oxygen might 
serve as a control to demonstrate whether 
or not the technique worked and as a basis 
for comparison with the effect of smoking. 

The photographs were enlarged, and then 
the enlarged print was examined under a 
dissecting microscope with X10 magnifica- 
tion. A drawing of the photograph was 
made, and two points (A and B) on the 
arteries and two on the veins (C and D) 
were selected for comparative measure- 
ments. Each point was measured with a 
micrometer in the eyepiece of the micro- 
scope and recorded in arbitrary units. Any 
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change could be calculated in percentage of 
the original size. (Fig. 8. A, B, and C). 

Although more than 30 subjects were 
used, in only 18 were all of the pictures 
suitable; therefore our results are based 
on these 18 human subjects. All were ap- 
parently healthy, of ages from 19 to 40 
years, and of varying smoking habits. 

Each of the fundus photographs of the 
18 subjects was carefully measured at two 
specific points on the arterial tree and two 
points on the venous side. Precisely these 
same points were measured on each control 
photograph and on the photographs taken 
after smoking one-half of a cigarette, after 
smoking the entire cigarette, 10 minutes 
after smoking the cigarette, and before and 
after inhaling oxygen for five minutes. 
Thus, there were four comparable points on 
each of the 18 subjects—a total of 72 points. 

After one-half or one full cigarette was 
smoked 7 of the 72 points on the blood 
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Fig. 8.—A, control photograph. B, same fundus 
after five minutes’ inhalation of oxygen. Visible 
vasoconstriction. C, same fundus immediately 
after smoking one cigarette. No definite change. 


vessels showed vasoconstriction of an aver- 
age of 0.8 units, and one showed dilation. 
Ten minutes after the cigarette was smoked 
only four of the points showed vasocon- 
striction and two showed dilation. After 
inhalation of oxygen for five minutes 26 
of the 72 points (36%) showed vasocon- 
striction of an average of 1.0 units, and 
none showed dilation. 


The oxygen inhalations were performed 
to demonstrate that the method was capable 
of detecting vasoconstriction of a moderate 
degree. That very few points responded 
after smoking shows that smoking rarely 
causes vasoconstriction in the human retinal 
vessels. In all instances the change was 
commoner in veins than in arteries. 


Systemic reactions were checked by meas- 
uring blood pressure and peripheral skin 
temperature before and after smoking and 
before and after oxygen inhalation. Of the 
18 subjects, 7 showed an increase of 10 
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CIGARETTE SMOKING 


Retinal Vascular Changes After Smoking * 


Vascular Points, No. 


After 1 Full After Oxygen 
Cigarette 


Arteries Veins Arteries Veins 


1 6 20 
1 0 0 
34 30 16 
0.8 units 1.0 units 


* There were 72 points measured in 18 subjects. 


mm. of blood pressure or more after smok- 
ing and 13 showed an increase of 20 mm. 
or more. After oxygen inhalation 6 showed 
a decrease of 10 mm. or more and none 
showed an increase. 

The skin temperature in five subjects 
increased 1 degree or more after smoking, 
and in eight it decreased 1 degree or more. 
In this group the skin temperature changes 
and blood pressure changes were not corre- 
lated. 

The results of these experiments are 
shown in the Table. 


Comment 
The foregoing isotope experiments have 
indicated that smoking increases the blood 


volume of the choroid in experimental ani- 
mals, provided the dose of nicotine is high. 
Our photographic experiments indicate that 
smoking constricts the retinal blood vessels 
in a few humans, changes them not at all in 
most, and may actually dilate them on rare 
occasions. 

Let us consider the possible explanation 
of these apparently inconsistent results. We 
demonstrated at the outset of this paper that 
nicotine is a drug with multiple actions and 
varying effects. It is possible that the varia- 
tions may be due to using cats for one type 
of experiment and humans for the other. 
It is more probable, however, that the retinal 
and choroidal vessels are fundamentally 
different. Oxygen caused no vasoconstric- 
tion of the choroidal vessels when tested on 
adult animals by the isotope technique. It 
is probable that retinal vessels respond more 
to direct stimulation, whereas the effect on 
the choroidal vasculature is likely to be 
secondary to alterations in blood supply 
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elsewhere. Specifically, an agent capable of 
producing generalized vasoconstriction may 
cause the retinal and peripheral vessels to 
narrow, but the decrease in blood volume 
in the peripheral vessels may force more 
blood into the choroid. The choroidal vas- 
cular bed nourishes the outer portion of 
the retina, including the rod and cone layer, 
and consequently it is of fundamental im- 
portance, although it may respond differ- 
ently than the retinal vessels. 


Correlation of fundus photographs of 
retinal vessels in cats with choroidal changes 
in cats is to be done. Further elucidation of 
this problem may be made by the scleral 
window technique of Leopold, which we are 
now using. 

Contrary to the popular opinion, it is 
possible that smoking may in some persons 
increase the intraocular blood supply rather 
than decrease it. It actually does not seem 
to produce vasoconstriction in a majority. 


2400 Clay St. (15). 
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Some Current Concepts of Headache, Especially Ocular 


HUGH C. DONAHUE, M.D., Boston 


Although considerable progress has been 
made in the investigation of the etiology and 
pathology of head pain and the mechanism 
of pain production, the diagnosis and treat- 
ment of many headaches are still perplexing 
problems, unsolved in some instances.’ It 
has long been recognized that the primary 
symptom of a substantial number of pa- 
tients consulting any ophthalmologist is 
headache ; yet, it is also true that the exact 
cause of such pain is equally vague or un- 
familiar to the physician. Certainly, it has 
been the experience of every eye physician 
to deal with many patients who feel very 
definitely that headache, which may be 
present in the areas adjacent to the orbit 
or in the eye itself, can be due to nothing 
except some ocular disturbance. This is 
far from the truth, and to discuss a few 
of the factors responsible for such head 
pain, especially as propounded by Wolff 2+ 
and Roper,’ and to propose a new concept 
of ocular headache is the purpose of this 
essay. 

When a patient complains of headache, 
the physician is wholly dependent upon this 
statement, as it is an entirely subjective 
phenomenon. There is no sure way by 
which the doctor may determine whether 
the pain is organic or hysterical or whether 
it be even present at all; the intensity or 
frequency of the headache in no way deter- 
mines the cause or significance of it, as 
headaches associated with the most serious 
conditions may be mild, while the severest 
and frequently recurring headaches may be 
compatible with general good health and 
long life." 


Received for publication June 15, 1957. 

Presented at the Massachusetts Eye and Ear 
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Moreover, people who have head pain 
question the opthalmologist in regard to the 
possibility of brain tumor or glaucoma or 
cancer and are anxious to know whether 
they have been sufficiently investigated in 
these respects. 

First and without question, the com- 
monest type of head pain often localized 
around the eye is the so-called vascular, or 
tension, headache ; a large number of cases 
of this type fall into the category of mi- 
graine, which everyone knows as a recur- 
rent and periodic type, usually unilateral 
and associated with nausea and vomiting 
and, in about 10% to 15% of cases, preceded 
by visual disturbances. It frequently occurs 
in families and is usually improved by 
vasoconstrictor drugs ; in some instances the 
temporal artery and its branches may be 
observed to be swollen and throbbing in the 
dilatation stage, and one also may see 
ophthalmoscopically, in a few cases, constric- 
tion and attenuation of the retinal arteries 
in the prodromal stages. It has now been 
rather conclusively shown by various in- 
vestigators that during the painful phase of 
the migraine, or vascular, headache the pain 
is due to dilatation of pain-sensitive struc- 
tures of the cranial blood-vessel system.” 
During the antecedent nonpainful phase 
there is often a vasoconstriction, which pre- 
cedes the headache by 20 to 50 minutes, 
then follow minutes, hours, or days of head 
pain. 

There are a great many varieties of such vascular 
headaches. If the headache happens to involve 
vascular structures in the upper frontal part of 
the head, the headache patient is apt to be seen 
by a physician interested in the eye. If it is ac- 
companied by nasal manifestations, he is apt to be 
seen by someone who is primarily concerned with 
the air ways. When there is pain conspicuously 
involving part of the face, we again run into a 
great many varieties of names for such vascular 
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headaches. They include “Vidian neuralgia,” 
“lower half headache” and “atypical facial neu- 
ralgia.” If the headache involves the upper part 
of the head, then one really finds a great variety 
of names. Some of these are: Sunday headache, 
week end headache . . . menstrual headache . . . 
hot weather headache . . . constipation headache, 
indigestion headache, and so on. 

Thus, this type of headache can occur any- 
where in the head; it can have practically 
any duration; it can be so mild that 10 
grains (650 mg.) of acetylsalicylic acid may 
afford relief or of such severity that a 
large dose of morphine may have little effect 
—all have a similar mechanism in that dis- 
tention of pain-sensitive cranial arteries oc- 
curs at one place or another in the head. 
What sets off this mechanism is still an 
unknown factor in the production of such 
head pain, but such pain may usually only 
be terminated after the use of vasocon- 
strictor agents which restore the vessels to 
their preheadache status. 

Another classification of vascular head- 
ache is that associated with hypertension ; 
about one-half of the persons with hyper- 
tension have headache, and it is not always 
present when the blood pressure is highest 
—in some cases the person’s blood pressure 
becomes increasingly high as the headaches 
correspondingly become less frequent ; there 
is, therefore, no close relationship between 
blood pressure level and headache. Yet it 
has been stated that sudden elevation of 
blood pressure will produce headache, but 
with sustained high blood pressure one need 
not have headache. To understand this, one 
must believe that the lability or contractile 
state of cranial arteries must be impaired 
when headache occurs and upon resumption 
of their ability to change caliber or to con- 
strict one obtains relief of symptoms. Such 
headaches often come on in the morning and, 
as with migraine headache, increasing the 
intracranial pressure does not worsen them. 
This would lead one to believe that they 
may stem from pain-sensitive arteries out- 
side the cranium. 

The next in this series of considerations 
is headache resulting from skeletal muscle 
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contraction of the head and neck. Some 
authors believe that this is the mechanism 
of eye headache, because of experimental 
work in which a person wearing lenses 
which produced double vision engaged in a 
period of close work, attempting all the 
while to merge the images. The investigator 
stated that during this time the extraocular 
muscles were undergoing sustained contrac- 
tions as well as the muscles of the neck and 
shoulders. During this period, muscle poten- 
tials were recorded by an electomyograph, 
and during these contractions there devel- 
oped not only pain in and around the eyes 
but also pain in the neck and shoulders.* 
Such symptoms seem to be corrobrated 
by other experimental workers, and this has 
been asserted to be the mechanism of a 
certain proportion of headaches due to 
ocular causes. Theoretically, cofrection of 
such ocular muscle abnormalities should 
relieve such headache, but there is not com- 
plete agreement upon this point. 

It is well to remember that actually only 
a small percentage of headaches occur as a 
result of intracranial tumors, hemorrhages, 
or infections; by far the larger number 
occurs as a result of cranial vasomotor 
disturbances, skeletal muscle contraction 
about the head, or vasomotor disturbances in 
the nose. 

Classification of the type of headache 
that is present in an individual case is 
based, then, on the site, source, and character 
of the pain; on the frequency and duration 
of attacks, and on the nature of associated 
manifestations, such as nausea and tinnitus. 
Head pain may originate in one of the 
following structures: (1) the tissues around 
the cranium, (2) cranial periosteum and 
endostium, and (3) certain intracranial 
structures, such as the great venous sinuses 
and their tributaries, parts of the dura at 
the brain base, and the dural and cerebral 
arteries; the trigeminal, glossopharyngeal, 
and vagus nerves and the first three cervical 
nerves are sensitive to pain. The cranium, 
the brain itself, most of the dura, the pia 
arachnoid, the choroid plexus, and the 
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ependymal lining of the ventricles are in- 
sensitive to pain; traction, displacement, 
distention, and inflammation of cranial vas- 
cular structures are chiefly responsible for 
headaches.” 


The eyes and their adnexa have been 
explored for their sensitivity to pain in 
much the same way. Eckhardt, McLean, 
and Goodell® experimented on the pain- 
sensitive parts, both superficial and deep; 
secondly, on the headaches and eyeaches as- 
sociated with refractive errors and extra- 
ocular muscle imbalances, and, finally, on 
photophobia. 

They found that touch, pain, and cold are 
perceived through the conjunctiva, but there 
was no mechanism for recognizing heat up 
to 70 C. 

The cornea perceives only pain and cold, 
while heat up to 70 C is not recognized as 
such ; pinching, sticking, or cutting the extra- 
ocular muscles does not cause pain, but 
traction on them causes immediate deep 
orbital pain. Iris pain is likewise produced 
only by traction, referred to the eye itself 
and sometimes to the area of distribution of 
the opthalmic division of the fifth nerve. 
Increased intraocular pressure produces 
pain and sometimes nausea, and these in- 
vestigators concluded that photophobia is a 
product of light stimulus and trigeminal ir- 
ritation; if either of these sensory mech- 
anisms is sufficiently depressed, photophobia 
disappears; vasodilation is not a necessary 
prerequisite. This is in contrast to Leben- 
sohn and Bellows, who felt that local vasodi- 
lation was necessary for photophobia. 

Lillie* (quoted by Roper’), noted that 
painful photophobia occurred in severe 
iridocyclitis but that in eyes with normal 
irides abnormal amounts of light never 
cause true pain but only sensations of dis- 
comfort or unpleasantness. He listed the 
eye conditions which usually produce local- 
ized pain over the area supplied by the first 
division of the fifth as acute dacryocystitis, 
foreign bodies and trauma of the conjunc- 
tiva and cornea, ulcerations of the conjunc- 
tiva and cornea, superficial and deep 
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keratitis, iridocyclitis, acute congestive 
glaucoma, rupture of a choroidal vessel, 
periostitis and osteomyelitis of the orbit, 
orbital cellulitis, scleritis, suppurative en- 
dophthalmitis, secondary glaucoma, and 
exophthalmos. Also, certain conditions may 
produce a prodromal ocular pain without 
actually involving the eye, such as herpes 
zoster, actinic conjunctivitis, iritis, and 
sympathic ophthalmia. Trifacial neuralgia, 
petrositis, migraine, and thalamic syndromes 
usually produce severe pain without evi- 
dence of ocular involvement." 

Lillie seems to agree fully with Wolff’s 
theory of the basic mechanism of head- 
ache, as he stated that “any lesion pro- 
ducing traction, displacement, distention or 
inflammation of any of structures supplied 
by the ophthalmic branch of the fifth nerve 
has the potentiality of producing eye pain, 
varying from slight uneasiness to extreme 
distress.” 


Our knowledge of these basic mechanisms 


has, therefore, increased, but it is still far 


from complete; the actual trigger mech- 
anisms or basic cause of setting off these 
various courses of events is still unknown. 

I shall consider, lastly, the relationship 
of eyestrain or asthenopia to headache, the 
commonest by far, which the opthalmologist 
encounters. Most patients believe that eye- 
strain is a well-defined entity having char- 
acteristic signs, symptoms, and causes and 
tending to produce permanent damage to 
the eyes. Every ophthalmologist has had 
innumerable patients who believe that the 
continued or excessive use of the eyes which 
is required in many occupations may lead 
to blindness or some form of visual loss. 
Actually, eyestrain is a very vague and ill- 
defined syndrome, and most physicians will 
agree that the commonest symptom associ- 
ated with it is headache; the refractive er- 
rors, largely hypermetropia, astigmatism, 
accommodation, convergence anomalies, and 
muscle imbalances, are generally described 
as producing it. Eckhardt, McLean, and 
Goodell ° found that headaches could be pro- 
duced by artificially induced hyperopia, 


491 


| 
‘ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
= 
| 
| 


astigmatism, and extraocular muscle im- 
balance but not usually by induced myopia. 

Eyestrain headache occurs in many 
varieties and may be referred to any part 
of the area of distribution of the ophthalmic 
division of the fifth cranial nerve or upper 
cervical nerves; it is difficult to diagnose 
with certainty, conforms to no special type, 
and simulates many other types. The only 
logical procedure is to examine the eyes as 
a routine measure in all suspected cases. 

The question may be asked as to what is 
the fundamental nature of eyestrain or 
asthenopia—what is it that is strained? This 
mechanism is not fully understood, but the 
production of head pain is presumably on 
the same basis as other referred pain of 
visceral origin. I believe that eyestrain 
headache is a form of vascular headache. 
Experience with many patients has con- 
vinced me that it is not so much the actual 
refractive error or associated handicaps to 
vision that are responsible for the symp- 
toms of many patients as it is the effort 
that is made to overcome the handicap. The 
conception of the eye as an optical instru- 
ment requiring adjustments and producing 
serious headache is commonly accepted, but 
in many persons the correction of the optical 
defect by no means entirely relieves the 
headache. 

In 1941, Cogan? (quoted by Roper’) 
offered two very interesting speculations in 
regard to the production of symptoms of 
eyestrain; he noted (as other ophthalmolo- 
gists have) that persons with small re- 
fractive errors, especially with small 
amounts of hyperopia and astigmatism, may 
have severe symptoms of headache, fatigue, 
irritability, and burning and smarting, 
whereas persons with refractive errors so 
large that presumably no voluntary effort 
was made to correct them have no eyestrain. 
Cogan points out that such patients often 
have eyestrain only after glasses have been 
prescribed, and, again, I would corroborate 
this in my own experience. He felt that the 
peripheral organ is not at fault and that the 
symptoms must be due to a central mecha- 
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nisms that attempts to correct for the de- 
fect. He also presented the notion that the 
pains and discomforts arising from muscle 
imbalances are also of central origin. He 
noted the following observations in support 
of this thesis. If a patient maintains up- 
ward gaze for a substantial length of time, 
he will develop marked discomfort around 
the eyes terminating oftentimes in headache, 
but also a person who has a supranuclear 
lesion preventing him from looking up will 
have the same symptoms from the prolonged 
effort to look up. Here, there is no muscle 
contraction or accumulation of metabolic 
waste products from muscle contraction to 
explain the symptoms. Similarly, conditions 
of nystagmus, in which the eyes are 
constantly in motion over periods of years, 
produce no symptoms, whereas such move- 
ments performed voluntarily would lead to 
pronounced symptoms of fatigue. 

These ideas are in agreement with the 
concept that it is not so much the error 
of refraction or muscle imbalance that is 
responsible for headache and other symp- 
toms as it is the effort made to overcome the 
handicap; this may include such contribu- 
tory factors as tension, stress, anxiety, or 
fatigue. Far from being simply a mechanical 
entity, eyestrain is a complex process ex- 
tending into the psychologic realm and 
certainly not cured by objective examination 
alone. 


In an attempt to analyze this combination 
of factors, a series of 50 patients whose 
major complaint was headache, persisting 
after errors of refraction had been corrected, 
was selected from my practice to determine 
the actual association of their headache with 
the use of the eyes for close work over a 
substantial number of consecutive working 
hours; 35 of these patients were either 
undergraduate or graduate students at 
metropolitan universities; 15 were adults 
engaged in constant desk work in business 
life. (This may seem like a relatively small 
number of cases, but it seems adequate to 
exemplify the point at issue.) Twenty-eight 
patients were female; twenty-two, male; 
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ages varied from 17 to 46, the average being 
27. In every case organic causes of head 
pain were ruled out. All cases were 
hyperopic to the extent of at least 2 D., 
varying to one case who wore a correction 
of +800 sph; all also had an astigmatic 
correction of at least 0.75 D., ranging to a 
maximum of 3 D. In the case of the stu- 
dents, the study was carried on during their 
study periods for midyear and final exam- 
inations of 1955 and 1956, at which time is 
was customary for them to “cram for exam- 
inations” and to study an average of four 
to five hours daily and consecutively; in the 
cases of the 15 engaged in business life, 
they were all working under pressure and 
obtained permission from their employers 
to undergo this routine for a period of four 
weeks in 1955 and four weeks in 1956. The 
routine observed was as follows: First, all 
had careful refraction with correction of 
refractive errors and muscle imbalance; 
glasses were worn constantly. Second, dur- 
ing the period of study or intensive close 
work the person was requested to stop work 
at the end of 50 minutes of each hour. Dur- 
ing the remaining 10 minutes he left his 
desk; in the case of the students, he com- 
pletely relaxed by listening to music, loung- 
ing in a comfortable chair, or merely closing 
the eyes and resting. The business workers 
followed the above routine but were unable 
to enjoy music; following each period of 
50 minutes of intensive work, 10 minutes of 
complete relaxation was observed. Ex- 
cessive smoking was forbidden. 

Every patient was also requested to have 
at least eight hours of sleep each night and 
to take a well-balanced diet, with some open 
air, exercise, and sunshine when possible. 

After this period of observation of eight 
weeks was concluded, 33 of the 50 patients 
obtained almost complete relief from their 
headaches. In the remaining cases headache 
continued, but to a much less degree of in- 
tensity, and these patients were unable to 
follow the routine prescribed in as much 
detail ; they, however, felt definite improve- 
ment and desired to continue the regimen. 
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It would appear, then, in this group of 
persons having very substantial refractive 
errors and engaged in long periods of in- 
tensive close work, that an important factor 
in the production of their headache might be 
attributed to the pain caused by tension, 
anxiety, apprehension, or stress rather than 
the mechanical factors of accommodation 
and fixation of the eyes, 

It seems not improbable, therefore, that, 
in many cases, the mere correction of sub- 
stantial errors of refraction and muscle im- 
balances is not sufficient to alleviate 
symptoms but that the unconscious and in- 
voluntary effort to see, apart from the 
mechanical correction of the optical defect, 
is a definite factor which produces as least 
a part of the symptoms resulting from sus- 
tained close work. 

If the physician, in dealing with these 
cases, has the understanding, insight, and 
patience to delve into their commonplace 
problems and routine, in addition to cor- 
recting the mechanical visual defects, much 
can be accomplished in aiding and often 
curing such persons. 


Summary 

The commonest type of headache occur- 
ring in and around the eyes is the so-called 
vascular headache, due to arterial dilatation 
occurring in varying distribution through 
the cranium. 

Head pain may result from innumerable 
ocular disorders, fundamentally arising 
from lesions in the eye producing vasodila- 
tion or traction or inflammation of pain- 
sensitive ocular structures. 

Headache due to eyestrain or anisome- 
tropia is a vague and not completely ex- 
plained condition, probably having a central 
psychologic basis; its pathogenesis has not 
been accurately determined but is may well 
fall into the category of vascular, or tension, 
headache. 

It would appear that in many instances 
the head pain occurring in persons doing 
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sustained, close work and having adequate 
correction of anisometropia may be of vas- 


cular origin, also related to tension and 
stress. 


520 Commonwealth Ave. 
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Exposure 


Staining of the cornea and conjunctiva, 
with precipitation of dark brown pigment 
granules within these tissues, is recognized 
as an industrial hazard for workers engaged 
in the manufacture of hydroquinone. In a 
previous report, submitted as a candidate’s 
thesis to the American Ophthalmological 
Society, in 1946, one of us (B. A.) de- 
scribed certain characteristic lesions of the 
cornea and conjunctiva which had developed 
among a group of workers engaged in the 
manufacture of this chemical.1 These stud- 
ies indicated that the severity of involve- 
ment was proportional to the length of 
exposure and was conditioned by the clean- 
liness, and possibly to some extent by the 
age, of the individual! worker. Although 
there are now a constant awareness of the 
possibility of seriously disabling exposure 
and strict supervision of plant and person- 
nel, the development of ocular lesions 
among workers in this industry remains a 
problem. One of the preventative measures 
adopted as the result of the 1946 study has 
been the annual slit-lamp examination of 
exposed personnel. Any worker who shows 
evidence of appreciable exposure is now 
routinely transferred to another operative 
zone. Consequently, the characteristic heavy 
sepia staining of cornea and conjunctiva, 
with precipitation of dark brown granular 
material within these tissues, is no longer 
encountered. The conjunctival lesions have 
in fact regressed or disappeared in those 
persons removed from exposure hazards. 
For a numer of the men exposed prior to 
1946, when the atmospheric concentration 
Received for publication June 24, 1957. 
From the Division of Ophthalmology, Duke 
Hospital, and the Division of Industrial Hygiene, 
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of hydroquinone was much higher than at 
present, the outcome has not been so favor- 
able. For this group, the 1946 report, 
with the description of gross staining and 
pigment precipitation, in retrospect may be 
considered as having referred to the acute 
phase of the disease. These men have long 
been removed from any hazard of exposure 
to the chemical. It has become apparent, 
as the staining has cleared and the pigment 
has become absorbed, that the corneas of 
these men have undergone less spectacular 
but more insidious changes of a profound 
and irreversible nature. This paper is con- 
cerned with a description and discussion of 
these changes. They are probably not spe- 
cific for hydroquinone exposure. Similar 
lesions might well result from prolonged 
exposure to any other chemical of such 
low toxicity. They are worthy of record 
because, through the opportunity afforded 
by the continuous observation of a large 
group of persons exposed over a long pe- 
riod to a minimal irritative insult, one may 
watch the gradual unfolding of changes 
in the cornea which finally lead to marked 
alterations in the corneal curvature, with 
resulting astigmatism. 

In a screening test conducted in 1955 two 
hundred one persons, comprising almost all 
personnel who might have received signifi- 
cant exposure to hydroquinone (including 
some executive and clerical personnel), 
were examined by slit lamp. One hundred 
five of this group were found to exhibit 
evidence of exposure in varying degree. 
These were subdivided in accordance with 
severity of involvement into groups in ac- 
cordance with criteria established in the 
1946 report as follows: Group A, persons 
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TABLE 1.—Group C 


Years Stahli’s Verti- Corrected 
Case Ex- Lines cal Visual Acuity 
posed 
9 21 oa O. D. 20/18, O. S. 20/17 
3A 26 oF O. U. 20/29 
106 ll + O. U. 20/20 
250 ll 0. U. 20/17 
136 O. U. 20/18 
16 5 + + O. U. 20/18 
196 3 + 0O.D. 20/17, ©. 8. 20/15 
96 12 + 0. D. 20/17, O. 8. 20/15 
56 13 a O. D. 20/17, O. 8. 20/15 
62 9 + O. D. 20/15, O. 8. 20/17 
57 22 + O.D. 20/20, O. 8. 20/18 
60 6 + 0. U. 20/17 
154 6 7 + O. D. 20/22, 0. S. 20/29 
160 5 O. U. 20/17 
117 12 + O. U. 20/17 
257 0. U. 20/ 
19 7 O. D. 20/18, O. 8. 20/29 
198 6 O. D. 20/40, O. 8. 20/25 
48 21 O. U. 20/18 
145 13 O. U. 20/18 
37 21 + 0O.D. 20/15, O. 8. 20/18 
203 7 t O. D. 20/15, O. 8. 20/17 
193 13 O. U. 20/17 
252 2 oF O. D. 20/15, O. S. 20/29 


retired for extreme visual loss; Group B, 
persons transferred with severe visual loss ; 
Group C, persons with moderate involve- 
ment; Group D, persons with insignificant 
staining. 

In 1956 all available members of Groups 
A and B and certain members of Group C 
previously noted to have had potentially 
serious lesions were reexamined. We were 
concerned with the appearance of lesions 
which might represent various stages in the 
alteration of corneal curvature and, through 
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the astigmatism thus induced, be responsible 
for the visual loss incurred by these pa- 
tients. 

The most prominent features of the mod- 
erately involved persons (Group C) were 
the prevalence of Hudson-Stahli lines and 
the occurrence of pterygia well above the 
percentage of the general population (Table 
1). Hudson-Stahli lines were conspicuous 
in 14 of 24 persons who on previous ex- 
amination had been found to have evidence 
of hydroquinone exposure. Eight of the 
twenty-four had also developed pterygia. 
Vertical striae, which were so conspicious a 
feature in Groups A and B, were present in 
only 2 of 24 persons in Group C. Other 
less constant findings were hyperesthesia ; 
conspicuous, possibly enlarged, terminal 
nerve filaments, and loss of normal corneal 
luster. 


None of the workers in Groups A and B 
(Table 2) have been exposed to hydro- 
quinone within the last three years. All 
the conjunctival staining in these cases has 
disappeared. While it is of interest that 
pterygia have developed in only 2 instances 
in these 14 severely involved cases, in con- 
trast to 8 such instances in the group of 


Stabli's Vertical 
Striae 


Lines 
10 + 
+ 
+ 


++ ++ 
+ 


+ ? 


Pterygium 


Refraction and Acuity 


- 20/200, +-2.50—6.00 X 100= 20/70 


200, +2.50—5.50X110= 20/00 
"20/100 unavailable =20/50 

+4.00—5.00 X30= 20/200 

/200, +3.50—2.50 X 150= 20/67 
20/200, O. S. and less than 
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z 

8 


0. D. 
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/50, -+-4.00—5.50X68= 20/20 
/50, +3.00—5 .00102= 20/20 
/33, +.50—1.25 X60= 20/25 
/50, +.50—1. mg 


RBs 


+ 

Sx 


20/20 
+-2.00—1.00 X80= 20/25 
50—1.50X90 


/200, +2.00—1.25%15= 20/200 
. 20/33, +2.00—1.00X 45= 20/33 


+48 


t 
8 
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* The first figure in the second 
in years since transfer from hydroquinone 
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Fig. 1A (Case 7).—Hudson-Stahli lines, vertical striae, and flattening of corneal curvature. 


24 who were moderately involved, the sig- 
nificance of this observation is unclear. 

Ten of the fourteen men in Groups A 
and B have developed bilaterally conspicuous 
Hudson-Stahli lines. These lines were 
equally conspicious in 14 of the 24 mod- 
erately imvolved persons in Group C. They 
were the most constant and probably the 
earliest corneal changes in these cases. 
These lines are shown in slit-lamp draw- 
ings of the corneas of Cases 7 and 44 (Figs. 
1A and 1B). 

Vertical striae were observed in 2 of the 
24 cases in Group C and in 7 of the 14 
cases in the Groups A and B. These striae, 
which generally ran in a vertical direction, 
have also been illustrated in Figures 1A 
and 1B. They were widely interspersed 


and appeared as glass-like rods of some- 
what sinuous and uneven pattern. One 
extremity seemed always to rest on Desce- 
met’s membrane. From this base, such a 
zone of optical discontinuity extended up- 
ward and forward within the stroma at an 
angle of some 30 degrees (Fig. 1A), al- 
ways ending somewhat abruptly before 
reaching Bowman’s membrane. The endo- 
thelium near the base appeared intact. There 
were no folds in Descemet’s membrane, or 
at least no discontinuity in the smooth 
curve of the posterior corneal surface. The 
intraocular tension was normal. Raising the 
tension by pressure on the globe did not 
alter the appearance or the relative position 
of these lines. It was difficult to relate 
them with ruptures in Descemet’s mem- 


Fig. 1B (Case 44).—Hudson-Stahli lines, vertical striae, and flattening of corneal curvature. 
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0.0. +150 -800x60+35 = +500 


Fig. 2A (Case 8).—Extreme alteration (flattening) of corneal curvature without obvious 
localized scarring. 


0.0. +400 -550x 70-42 , 0,8. +300 -S00 105-48 


Fig. 2B (Case 14).—Extreme alteration (flattening) of corneal curvature without obvious 
localized scarring. 


Fig. 2C (Case 44).—Extreme alteration (flattening) of corneal curvature without obvious 
localized scarring. 
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brane, since a zone of normal stroma usually 
intervened between Bowman’s membrane 
and the most forward projection of the 
line, They were much coarser than the fine 
closely packed parallel vertical lines found 
etched into the cornea in keratoconus. The 
lines and the striae are much more con- 
spicuous and sharply outlined than can be 
shown under the limitations of a black and 
white reproduction of the original drawings. 
High astigmatic errors were not found 
in Group C. Astigmatism of more than 3 D. 
has developed in 8 of the 14 persons in 
Groups A and B. The photokeratographs 
of Cases 8, 14, and 44 (Figs. 2A, 2B, and 
2C) show very graphically, particularly in 
the left eye, how this astigmatism has de- 
veloped without obvious localized scarring. 
These changes as demonstrated by slit 
lamp and photokeratographs of reflected 
Placido’s rings result in a flattening of the 
central portions of the cornea. This flatten- 
ing is shown in Cases 7 and 44 (Figs. 1A 
and 1B). Flattening even in the presence 
of healed ulceration is demonstrated in the 
drawing of the cornea of Case 51 (Fig. 3). 


Comment 


The development of pterygia in eyes ex- 
posed to long-standing low-grade irritation 
is generally recognized. It is therefore not 
surprising to find them in this incidence in 
this series. In fact their absence in the 
more severely involved group is more diffi- 
cult to explain. Perhaps the appearance of 


Anderson—Oglesby 


the pterygia is an index to the degree of 
irritation. In this view, the lower incidence 
in the more severely involved group may 
indicate that the initial insult, although se- 
verer, was less prolonged. 

What is the significance of the Hudson- 
Stahli line? This line was first described by 
Hudson in 1911, and it was described in- 
dependently by Stahli in 1918. We picture 
such a line as a relatively well-defined some- 
what sinuous streak consisting of greenish 
brown particulate granular material. This 
line lies horizontally and is most prominent 
just below the lower border of the undi- 
lated pupil. Its ends extend toward but do 
not meet the limbus. Usually it is located 
in a broader band of less distinct, more 
amorphous pigment or stain. Vogt thought 
this line to be similar to Fleischer’s ring 
as seen in keratoconus.? This opinion may 
have some significance in reference to our 
own concept developed later in this paper. 
Hanssen,® after studying microscopic sec- 
tions, concluded that the pigment, which 
he did not identify, was deposited between 
the epithelial cells and between these cells 
and Bowman's membrane as well as in this 
membrane and in the underlying stroma. 
Stocker has described two pigmented cor- 
neal lines, one developing and progressing 
in front and parallel with the broad axis 
of the pterygium and apparently associated 
with the inverse astigmatism which develops 
with the flattening of the cornea.* Stocker 
has described a second line of fine pigment 
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extending across the cornea, in which there 

was a melanotic pigmentation located in 
the corneal epithelial cells. Bowman’s mem- 
brane was intact and free from pigment, as 
was the stroma.5 Moncreiff* reported a 
yellowish-red streak of pigment lying be- 
neath the epithelium anterior to Bowman's 
membrane horizontally across the cornea. 
In this case histologic section revealed the 
pigment to have a much wider distribution 
than was estimated from slit-lamp study. 
She thought that the pigment entered from 
the limbus and was concentrated in this 
line. Busacca* described two groups of 
corneal pigmentation, endogenous and ex- 
ogenous. The endogenous, he thought, 
might be either melanin or hemosiderin. He 
did not fully explain the manner in which 
such pigmentation might reach or develop 
within the cornea. If melanin, the pigment 
could migrate from the limbus; if hemo- 
siderin, it could come from the tears or the 
blood. Specifically, Stocker and Busacca 
proved by the Turnbull reaction for iron 
that the pigment in the Hudson-Stahli line, 
in the cases which they studied, was he- 
mosiderin localized within the epithelial 
cells. In discussing exogenous pigmentation 
of the cornea, Busacca mentions without 
further comment the occurrence of inter- 
palpebral pigmentation of the cornea in 
workers in chemical laboratories. Ferraris 
de Gaspare® succeeded in producing the 
characteristic lesions produced by hydro- 
quinone in brown and albino rabbits under 
varying lighting conditions. After contin- 
uous exposure to finely powdered hydro- 
quinone for several months a_ brown 
pigmentation was produced, localized first 
on the conjunctiva and later on the cornea. 
In animals exposed to light the pigmenta- 
tion occurred earlier. This lead him to the 
conclusion that light probably influences the 
oxidative process which transforms hydro- 
quinone into paraquinone within the tissues, 
thus causing the keratoconjunctival pigmen- 
tation. 


These experiments lend support to our 
assumption, based on observation of corneal 
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staining under working conditions, that the 
original staining as seen in 1946 was the 
result of a physiochemical reaction, an in- 
teraction with the corneal tissues of a chemi- 
cal which is both water- and fat-soluble, in 
an alkaline medium (tears) aided by the 
mechanical action of the blinking lids. Un- 
fortunately, we were unable, in the labora- 
tory of industrial hygiene at Tennessee 
Eastman, to produce these lesions in albino 
rabbits by exposure to quinone vapor. Later 
efforts by Fassett in the laboratories of in- 
dustrial medicine of the Eastman Kodak 
Company, with the use of black rabbits, 
likewise have been unsuccessful in produc- 
ing such lesions. Nevertheless, it seems in- 
conceivable that the massive staining of the 
ocular tissues was a purely mechanical re- 
action. Furthermore, the fact that we had 
previously demonstrated the presence of 
pigment within the basal cells® seems to 
support the biochemical theory of the origin 
of the pigment. Nishida’® also demon- 
strated these “dense brownish black pig- 
ment deposits in the basal cells of the 
epithelium.” It was his opinion that this 
pigment originated as a result of “impair- 
ment of cell enzyme activity due to deposits 
of benzochinone which is the oxidized sub- 
stance of analine vapor.” He considered 
the intracellular pigment to be melanin pro- 
duced by abnormal tyrosine metabolism. 
Any epithelial cell is theoretically capable of 
producing melanin. The local environment 
established by the presence of oxidized hy- 
droquinone (paraquinone) might well have 
stimulated the epithelial cells of the cornea 
to such an activity. The importance of all 
this relates to the probability that the pig- 
ment in Hudson-Stahli lines may under cer- 
tain circumstances be composed of melanin 
granules, The concentration of pigment in 
the particular location of the Hudson-Stahli 
line can be explained by the sweeping mas- 
saging action of the lids, which would tend 
to compress these substances into a line 
projected on the cornea at the site of lid 
closure. The formation of such a line indi- 
cates some change in the character and re- 
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lationship of the corneal cells to one another 
and to Bowman’s membrane. In these cases 
of hydroquinone exposure the appearance of 
such a line might well have been the earliest 
sign of the altered metabolism which led 
later to distortion of the cornea, 

The origin and significance of the striae 
remains unexplained. They probably repre- 
sent lines of optical discontinuity of a 
nature similar to the deep folds of the 
parenchyma seen in keratoconus and arise 
as a result of the difference in the coefficient 
of elasticity between the deep stroma and 
Descemet’s membrane. They are, in other 
words, functions of internal tension within 
the cornea, a result of the puckering effect 
produced by the irregular contracture or 
stretching of the anterior corneal layers. 
Since they did not shift or change under 
pressure, these lines may actually have out- 
lined spaces into which new corneal tissue 
of different density developed in a fault 
produced by this internal stress. The ulti- 
mate effect of this shift in the corneal lamella 
was the production of a flattening of the 
central corneal area. We might think of 
these changes as a double-faceted kerato- 
conus, with the flattened surface lying 
between the two facets. The corneal thin- 
ning so characteristic of keratoconus was 
not uniformly present in these cases; 
neither were the striae so definitely related 
to the facets as in keratoconus. One could 
think of the process as a type of acquired 
cornea plana, since the principle feature of 
the fully evolved lesion was the flattened 
corneal curve with the high degree of astig- 
matism. 


Summary and Conclusion 


It is clear that the curvature of the cornea 
can be profoundly altered by exposure to 
quinone vapor or hydroquinone dust. These 
changes become apparent long after expo- 
sure, when the more obvious staining and 
pigmentation has disappeared. The chemi- 
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cal seems only to affect directly the most 
superficial layers of the cornea, the epithe- 
lium and probably Bowman’s membrane. 
The first indication of this late effect is the 
appearance of Hudson-Stahli lines. The 
tension generated in the deeper parenchyma 
by the stretching or contracture of these 
superficial structures results in the deeper 
striae, which represent the second and more 
advanced stage in a process which ulti- 
mately leads to a flattening of the cornea 
or a double angulation which has some of 
the characteristics of keratoconus. These 
changes have resulted in the development 
of high degrees of astigmatism. 


Department of Surgery, The Duke University 
School of Medicine. 


REFERENCES 


1. Anderson, B.: Corneal and Conjunctival Pig- 
mentation Among Workers Engaged in Manufac- 
ture of Hydroquinone, Arch. Ophth. 38 :812 ( Dec.) 
1947. 

2. Thomas, C. I.: The Cornea, Springfield, IIl., 
Charles C Thomas, Publisher, 1955, p. 378. 

3. Hanssen, R.: Uber Hornhautverfarbung, 
Klin. Monatsbl. Augenh. 71:399 (Dec.) 1923. 

4. Stocker, F.: Eine pigmentierte Hornhautlinie 
beim Pterygium: Beitrag zur Entstehung von 
Briichen in der Bowmanschen Membran, Klin. 
Monatsbl. Augenh. 102:384 (March) 1939. 

5. Stocker, F., and Prindle, R. E.: Pigment 
Lines of the Cornea, Am. J. Ophth. 27 :341 (April) 
1944. 

6. Moncreiff, B. K.: An Atypical Pigment Line 
of the Cornea: A Biomicroscopic and Histologic 
Study, Arch. Ophth. 8:847 (Dec.) 1932. 

7. Busacca, A.: Biomicroscopie et histopathologie 
de l’oeil, New York, Grune & Stratton, Inc., 1952. 

8. Ferraris de Gaspare, P. F.: Ricerche speri- 
mentali sulla cheratocongiuntivite da idrochinone, 
Boll. ocul. 28:361 (June) 1949. 

9. Sterner, J. H.; Oglesby, F. L., and Anderson, 
B.: Quinone Vapors and Their Harmful Effects, 
J. Indust. Hyg. 29:65 (March) 1947. 

10. Nishida, F.: A Study on the Abnormal 
Stain and Pigmentation of Ocular Conjunctivas 
Among Analine Dye Workers, J. Sc. Labor 32: 
179, 1956. 


| 
| 
501 


of the Chick Eye 


IV. Corneal Curvature 


Introduction 


The cornea of the adult vertebrate eye has 
a smaller radius of curvature than the pos- 
terior segment of the eye. In very early 
development, by contrast, the radii of curva- 
ture of the cornea and sclera tend to be 
equal. The manner in which the corneal 
curvature develops, and the forces respon- 
sible for it, are the concern of this paper. 

The interplay of a large number of fac- 
tors is undoubtedly necessary for the nor- 
mal development of the corneal bulge. The 
present effort, however, was confined to an 
investigation of the role of mechanical 
forces generated, on the one hand, by intra- 
ocular pressure and, on the other, by struc- 
tural differentiation of the eye wall. Previous 
studies in this series}? have demonstrated 
that these forces are responsible for the 
increase in size of the eye as a whole as 
well as for the normal expansion of the 
sclera, choroid coat, pigmented epithelium, 
and corneal diameter. In addition, the nor- 
mal morphogenesis of the ciliary processes 
and folds requires, among other things, a 
normally expanding vitreous.® 

These studies have suggested that much 
of the gross shaping of the eye results from 
the interaction of intraocular pressure, 
which tends to expand the eye wall, with 
local retardation of expansion due to local 
structural differentiation in the wall. While 
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such a conception of ocular morphogenesis 
is somewhat oversimplified, it has proven 
useful in suggesting possible mechanisms 
for the shaping of parts of the eye. Thus, 
it appeared possible that mechanical factors 
played a dominant role in the formation of 
the corneal bulge. This hypothesis has been 
tested, and the present paper presents both 


descriptive and experimental data in support 
of its validity. 


Materials and Methods 


This study utilized chick embryos of a 
Cornish-Rock cross which were incubated at 
37.5 to 38.5 C in a forced-draft incubator. 
All ages are given as days following the 
onset of incubation. 


The investigation was conducted in two 
stages, a descriptive and an experimental 
stage. The descriptive phase included the 
measurement of the corneal curvature and 
diameter during normal development and a 
histologic examination of the developing 
limbic area. 

The following method was used to meas- 
ure corneal curvature. On each day of the 
period between the 4th and the 24th days, 
inclusive, 10 eyes were dissected free of 
surrounding tissues, properly oriented in a 
pool of writing ink on the stage of a freez- 
ing microtome, and frozen. Eyes so pre- 
pared were hemisected through their optical 
axes with the freezing microtome. The 
remaining hemisphere was photographed at 
known magnification. The ink provided a 
constrasting field against which the outline 
of the hemisected eye stood out sharply. 
The negatives so obtained were next pro- 
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jected at known magnifications, and the 
outline of the eye was traced on paper. On 
such tracings the radii of curvature of the 
cornea and the sclera were determined by 
geometric procedures. 

The histology of the limbic area was 
studied in axial and equatorial sections of 
normal eyes fixed at daily intervals in 
Zenker’s solution. These eyes were serially 
sectioned at 6 and stained with hema- 
toxylin and eosin. 

A series of normal freshly dissected eyes, 
collected in groups of 10 at daily intervals 
throughout development, was used to meas- 
ure the change in corneal diameter with age. 

The role of intraocular pressure in the 
development of the corneal bulge was dem- 
onstrated experimentally. Microsurgical in- 
tervention at four days, before the 
appearance of corneal curvature, was used 
to reduce vitreal pressure. The procedure 
has been described in detail in an earlier 
paper.’ One end of a short length of 
microcapillary tubing was introduced into 
the vitreous through a puncture wound in 
the wall of the right eye. The other end 
rested in the amnionic cavity. These tubes 
remained in place for the duration of the 
experiment, to provide continuous egress 
for vitreous humor. Eyes treated in this 
way were studied at 17 days of incubation. 
Ten eyes were frozen and hemisected for 
curvature measurements, and four were 
sectioned either axially or equatorially for 
histologic study. 

As a control for the operative procedure, 
ten 4-day-old eyes were fitted with solid 
glass rods of the same outside dimensions 
as the tubes. Measurements of corneal and 
scleral curvature were performed on these 
eyes at 17 days. 


Results 


In the normal course of development the 
eye of the chick embryo is essentially 
spherical until the eighth day. The radii of 
curvature of the cornea and of the scleral 
segment are equal (Fig. 1). On the eighth 
day the corneal bulge becomes apparent, 
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Fig. 1—The radii of curvature of the posterior 
sclera and of the cornea as functions of age. 
Each point represents the mean of measurements 
of 10 specimens. 


and thereafter its radius of curvature in- 
creases less rapidly than that of the sclera. 
The radius of curvature of the sclera con- 
tinues to increase asymptotically throughout 
development. The radius of curvature of the 
cornea increases until the 14th day, remains 
constant between the 14th and 19th days, 
and on the 19th day decreases slightly to a 
new level. 

In a search for events which correlate 
temporally and spatially with the appearance 
of the corneal bulge on the eighth day, 
histologic sections of a series of eyes were 
studied. This study confirmed the finding of 
Weiss and Amprino® that cartilage begins 
to differentiate in the chick sclera about the 
eighth day. In addition, it was possible to 
localize the site of first appearance of the 
scleral cartilage to a ring just outside the 
corneal limbus. Cartilage appears first in 
the presclera overlying the choroid fissure 
and subsequently spreads around the cornea 
to form a ring of pericorneal cartilaginous 
plates. Subsequent to the appearance of the 
ring this region of the eye surface expands 
less rapidly than the corneal portion an- 
teriorly and the prescleral regions posterior- 
ly. As a result, the eye subsequently expands 
not as a sphere but as the segments of two 
spheres with a common base (Fig. 2). 

The temporary cessation of change in 
corneal curvature which commences on the 
14th day is correlated with an abrupt slow- 
ing in the rate of increase in corneal diam- 
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Fig. 2.—Diagramatic representations of the an- 
terior segments of the right eyes of 5-, 7-, 8-, and 
14-day-old chick embryos (to scale). A posterior 
view of the ciliary zone is represented at the left, 
and the silhouette of an axial section is shown at 
the right. 


eter (Fig. 3). The significance of both 
of these changes will be discussed later. 

The eyes which had been intubated at 
four days failed to increase in size nor- 
mally. The radii of curvature of the cornea 
and sclera tended to be equal in these cases 
(Fig. 4). Thus, while the ratio of corneal 
to scleral radius of curvature is normally 
about 0.6 at 17 days, it approaches 1.0 in 
the experimental group at this age (Fig. 
5). In control animals the eye develops 
as if no operation had been performed and 
the ratio is essentially normal. 

The level of differentiation of the ocular 
tissues in experimental eyes is comparable 
with that in normal eyes. As in previous 
studies, the intubation procedure distorted 
the size and shape of ocular components 


NORMAL 
INTUBATED 


Fig. 4.—Silhouette diagrams of axial sections 
through a 17-day-old right eye that had been in- 
tubated since ty 4 and the contralateral, 
not-operated-on eye. 
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Fig. 3—A semi-log plot of corneal diameter as 
a function of age. Each point represents the mean 
of measurements of 10 specimens. 


without upsetting their timetable of cellular 
differentiation. 


Comment 


Many factors undoubtedly play a role 
in the shaping of the cornea. The present 
study has demonstrated that normal intra- 
ocular pressure is an essential but not a suf- 
ficient condition for the development of 
normal corneal curvature. In addition, there 
is evidence suggesting that corneal morpho- 
genesis is influenced by the resistance to 
deformation that develops both around and 
in the cornea as a result of structural 
changes at the microscopic level. The opera- 
tion of these forces and counterforces in 
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Fig. 5.—The ratio of corneal radius of curvature 
to scleral radius of curvature as a function of age. 
The black bar represents the mean ratio for 17- 
day-old eyes which had been intubated since Day 
4. The white bar represents the mean ratio for 
17-day-old control eyes, which had been fitted with 
solid glass rods since Day 4. 
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the molding of the cornea will be clarified 
in the following sequence, which is based on 
the results of this and of previous studies. 

After formation of the optic cup and lens 
in early development, the edge of the cup 
becomes closely adherent to the lens equator. 
Thereafter vitreous humor begins to ac- 
cumulate in the enclosure that is thus 
formed between the lens and the neural 
retina. The pressure generated by the ac- 
cumulation of vitreous substance places the 
eye wall under tangential stress, and the 
eye expands as a sphere until the eighth 
day.+®> The fact that the eye expands 
spherically during this early period suggests 
that the resistance offered to expanding 
forces is approximately equal at all points 
on its surface prior to Day 8. During this 
period the radius of corneal curvature is 
equal to that of scleral curvature. 

On the eighth day cartilage differentiates 
in the sclera to form a ring around the 
corneal limbus, dividing the eye into a smal- 
ler segment anteriorly (the cornea) and a 
greater segment posteriorly (the sclera). 
From the time of appearance of this ring 
of cartilage the limbic zone expands less 
rapidly than the remainer of the eye. As a 
result, the eye no longer expands as a 
sphere but approximately as the segments 
of two spheres with a common base through 
the limbic zone. Hereafter the radius of 
curvature of the anterior segment (cornea) 
is less than that of the posterior segment 
(sclera). 

The cornea continues to increase in 
diameter and in its radius of curvature until 
the 14th day. The motive force for this 
expansion derives from intraocular pres- 
sure.? On the 14th day metachromatic muco- 
polysaccharide appears in the stroma and 
the stromal collagen becomes oriented and 
tightly packed.* Simultaneously the rates of 
increase of both the diameter and the radius 
of curvature of the cornea are slowed, as if 
the stromal differentiation had increased the 
resistance of the cornea to deformation. 

One of the pivotal events of the eighth 
day, the differentiation of the limbic scleral 
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cartilages, has an interesting counterpart in 
the mammalian eye, which lacks an ocular 
skeleton. Smelser * has pointed out that the 
scleral collagen of mammals appears first in 
the region of the limbus during development 
and spreads posteriorly from this ring. It 
seems probable that the collagenous com- 
ponents of the sclera may play the same 
role in mammalian ocular morphogenesis as 
does cartilage in the avian eye. 

While intubation results in extensive 
disruption of the normal pattern of eye 
morphogenesis, it does not interfere with 
the timetable of cellular differentiation. 

These findings give some insight into a 
few of the factors involved in shaping the 
cornea and sclera. They tell us little, how- 
ever, about how the geometry of the cornea 
comes to be appropriately proportioned to 
the sclera in different species. That such a 
proportionate development does, indeed, oc- 
cur is attested to by the fact that the adult 
cornea, by virtue of its shape and refractive 
properties, projects the visual image in focus 
in the near vicinity of the retina. For this to 
be so, the adult cornea must possess a 
radius of curvature and a diameter ap- 
propriate to the dimensions of the posterior 
segment of the eye. Without yielding a 
complete solution, this study has suggested 
several factors which will have to be con- 
sidered in any attack on the problem of how 
this comes to be so. One such factor is the 
rate of accumulation of the vitreous body 
and the time course of development of 
forces tending to expand the eye. On the 
other hand, the timetable of cellular dif- 
ferentiation in restricted areas of the eye 
wall will act to restrict expansion differen- 
tially and to affect eye size and shape. It 
may well be that genic influences are 
mediated by control of the timing and mag- 
nitude of these events in eye development. 


Summary 
Under the influence of intraocular pres- 
sure the eye expands as a sphere until the 
eighth day. At this time scleral collagen dif- 


* Personal communication to the author. 
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ferentiates in a ring around the corneal 
limbus and the perilimbic area thereafter 
expands less rapidly. This leads to the pro- 
duction of a corneal bulge anteriorly and a 
scleral bulge posteriorly. At 14 days meta- 
chromatic mucopolysaccharide appears in 
the stroma, stromal collagen becomes 
oriented and compact, and there is an abrupt 
slowing of the increase in both corneal 
diameter and radius of curvature. This 
formulation of the sequence of events is 


supported by both observation and experi- 
ment. 


Department of Anatomy, Yale University School 
of Medicine (11). 
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Cyclodialysis with Air Injection 


Technique and Results in Ninety-Four Consecutive Operations 


M. WYATT HAISTEN, M.D., and JACK S, GUYTON, M.D., Detroit 


Division of the ciliary body from its in- 
sertion to the scleral spur as a surgical 
procedure in the control of glaucoma was 
employed sporadically prior to 1900. Follow- 
ing the original description of cyclodialysis 
by Heine,’ in 1905, numerous variations in 
technique have been introduced. These varia- 
tions include cyclodialysis with iridectomy, 
sclerectomy, or iridencleisis and the intro- 
duction of foreign material in the dialysis 
in an effort to maintain an open cleft. An 
excellent review of the literature regarding 
these and other variations of technique has 
been made by Sugar.? 

The technique of cyclodialysis described 
by Heine includes preparation of a small 
conjunctival flap 8 to 10 mm. from the 
limbus in one of the outer quadrants and a 
scleral incision, 3 mm. long, parallel to and 
6 mm. posterior to the limbus. The spatula 
is introduced between the choroid and sclera 
and passed forward to enter the anterior 
chamber; the attachment of the ciliary body 
is then divided from the scleral spur by 
sweeping the spatula from the chamber into 
the suprachoroidal space. 

In 1935 Blaskovics * advocated a scleral 
incision just anterior to the insertion of the 
superior rectus, perpendicular to the limbus 
and 1.5 mm. in length. He advised inserting 
the cyclodialysis spatula nasalward within 
the suprachoroidal space before entering the 
anterior chamber, then separating the ciliary 
body from behind forward; the spatula is 
then withdrawn, reinserted in a temporal 


Received for publication June 14, 1957. 

From the Department of Ophthalmology, Henry 
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direction, and again swept forward into the 
anterior chamber. 

The injection of air into the anterior 
chamber has been the most significant ad- 
vance in cyclodialysis surgery in recent 
years. Randolph,* in 1943, described a can- 
nulized cyclodialysis spatula which greatly 
facilitates the injection of air. Barkan, in 
1947, reported a series of 83 cases where 
air injection had been utilized, with a suc- 
cessful result in 69 of the cases. In 1949 
O’Brien and Weih,* advocating the use of 
air injection and a multiple thrust technique, 
reported on a series of 100 cases with 79 
successes. 


The purpose of this report is to analyze 
the results of cyclodialyses with air injection 
in 94 operations for various types of glau- 
coma and to describe details of the technique 
we prefer to employ. The operative tech- 
nique employed in the series of cases being 
reported upon involves the placement of the 
scleral incision beneath the insertion of 
the superior or inferior rectus muscle, the 
utilization of Randolph’s cannulized cy- 
clodialysis spatula, and the injection of air 
into the anterior chamber. We believe that 
the following features are of some impor- 
tance in obtaining a successful result. 

A. By having the incision placed in a 
slanting manner beneath the insertion of 
one of the vertical recti, the action of the 
muscle exerts a valve-like closure upon the 
scleral opening, effecting an excellent closure 
without suturing. Good closure of the scleral 
incision prevents a premature loss of the air 
bubble. With forceps, good fixation of the 
globe can be obtained by grasping the muscle 
tendon just behind its scleral insertion. 
Placing the cyclodialysis either directly 
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superiorly or directly inferiorly, not crossing 
the horizontal meridian on either side, 
avoids rupturing either of the long posterior 
ciliary arteries and greatly reduces the 
incidence of profuse bleeding. 

B. By use of a Randolph cannulized 
spatula attached to a syringe containing both 
saline and air, the anterior chamber can be 
continously reformed with saline as the 
dialysis is being made, thereby protecting 
the posterior surface of the cornea from 
damage by the tip of the spatula. The ir- 
rigation of saline also tends to clear the 
chamber of any immediate hyphema. Upon 
completion of the cyclodialysis, injection of 
air can be accomplished as soon as the saline 
is exhausted from the syringe. One-half to 
two-thirds of the chamber is filled with air. 
Care is taken not to inject so much air as 
to blockade the pupil. The Randolph can- 
nulized spatula with the hole in the tip 
rather than on the superior surface just 
proximal to the tip is preferred. The 
spatula should be sufficiently flattened to 
obtain a dialysis without difficulty, and the 
tip should be rounded off and smooth. 

C. The injection of air does not only exert 
a hemostatic effect; it is also of value in 
mechanically separating the anterior and 
posterior surfaces of the cleft. During the 
first three to four postoperative days, it is 
deemed advisable to keep the bubble floating 
up into the cleft much of the time. By the 
same means, any blood that may be present 
will tend to accumulate in the opposite side 
of the chamber by gravitation. When pos- 
sible, it is preferable to do the cyclodialysis 
above. It is much easier and more comfort- 
able for the patient to keep the head elevated 
rather than depressed. 


D. A relatively large dialysis, between 130 
and 160 degrees, is preferable. Air floats 
up into a large cleft much more readily than 
into a small one. Also, there is a tendency 
for partial closure of the cleft during the 
first few postoperative weeks, resulting in a 
permanent cleft much smaller than was 
present immediately after surgery. Lee and 
Allen? have reported a similar experience 


and emphasize that a large cyclodialysis is 
made not to obtain a large filtering space 
but rather to assure a small but functional 
cleft. 


Preoperative Routine 


Miotics are used routinely, and acetazol- 
amide (Diamox) is employed when neces- 
sary to lower the intraocular tension to a 
safe level before surgery. Adequate sedation 
is obtained with barbiturates administered 
orally. Antibiotics are not employed prior to 
surgery. 

The lashes are trimmed. Silver protein is 
instilled in the eye and is followed by 
copious irrigation with isotonic saline. The 
skin preparation consists of benzalkonium 
(Zephiran) solution followed by iodine and 
alcohol. Adequate anesthesia and akinesia 
are obtained by the injection of 4% lidocaine 
(Xylocaine) hydrochloride with 1:20,000 
epinephrine, with use of the O’Brien tech- 
nique and by retrobulbar injection, 


Operative Procedure 


A Parke lid speculum is inserted. The 
eye is turned downward if the procedure 
is to be done superiorly. Conjunctiva and 
Tenon’s capsule are incised with scissors 
along either the medial or the lateral border 
of the superior rectus muscle. The insertion 
of the muscle is isolated and grasped with 
forceps and then everted slightly so as to 
expose the sclera just beneath the insertion 
of the muscle. An incision is then made 
through the sclera just beneath the insertion. 
This incision is approximately 2 mm. in 
length and is made so that it slants at 
approximately 30 degrees through the scleral 
stroma. Care is exercised in incising through 
the sclera so that the pars plana of the 
ciliary body is not penetrated. A Randolph 
cannulized cyclodialysis spatula is attached 
to a 5 cc. syringe containing approximately 
1.5 cc. of saline and 2 cc. of air. The 
spatula is then introduced through the scleral 
incision and passed between the sclera and 
ciliary body; the tip of the spatula is kept 
pressed against the scleral surface at all 


Vol. 59, April, 1958 


| 
| 
| 
| 
: 
{ 
; 


CYCLODIALYSIS WITH AIR INJECTION 


times to prevent accidental penetration of 
the ciliary body. The spatula is directed 
either nasally or temporally before sweeping 
into the anterior chamber. As the spatula 
enters the anterior chamber, saline is in- 
jected to maintain intraocular tension. Care 
is exercised to keep the tip of the spatula 
from pressing too firmly anteriorly just as 
the chamber is entered, to avoid stripping 
Descemet’s membrane loose. The spatula 
exits from the chamber on the opposite 
side from its entrance, effecting a cleft 
averaging from 130 to 160 degrees of the 
angle. The remainder of the saline is in- 
jected, and then sufficient air is introduced 
into the chamber to fill approximately one- 
half to two-thirds of the chamber. The 
spatula is then withdrawn. The conjunctival 
incision is closed with 00000 plain absorbable 
surgical (gut) suture. The patient is asked 
to sit up immediately so that the air bubble 
will migrate up into the cleft. Physostigmine 
(Eserine), 0.25%, and phenylephrine (Neo- 
Synephrine), 10%, are instilled in the eye 
to obtain a tense iris diaphragm. A sterile 
dressing is placed over the eye, and a metal 
protector is placed over the dressing. The 
eye not operated on is usually covered. 


Postoperative Care 


The patient is allowed to be up as desired, 
and he is asked to sit in an upright position 
as much as possible during the first several 
postoperative hours. The head of the bed is 
kept elevated to approximately 45 degrees 
a majority of the time during the first three 
or four days so as to keep the air bubble 
up in the cleft. Erythromycin, 250 mg., and 
sulfamerazine 0.5 gm., four times a day, 
are prescribed for the first four postopera- 
tive days. The dressing is changed on the 
first day, and the eye not operated on is left 
uncovered. Miotics are not used routinely; 
in fact, the pupil is dilated with atropine if 
there is appreciable postoperative irritation. 

When the cyclodialysis is done inferiorly, 
the immediate postoperative care is more dif- 
ficult. Placing the head in a position so that 
the bubble will migrate into the cleft is un- 
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comfortable for the patient, and the position 
cannot be maintained for long periods of 
time. 


Analysis of Results 

During the period between January, 1954, 
and July, 1956, cyclodialysis with air in- 
jection was utilized in the Henry Ford Hos- 
pital for surgical treatment of glaucoma in 
94 instances; the procedure was repeated 
once in 2 cases and twice in another, a 
total of 90 eyes being operated upon. The 
cyclodialyses were performed by 12 sur- 
geons, including both resident and perma- 
nent staff. The average hospital confinement 
following surgery was 9.5 days. 

All cases are included in this review in- 
sofar as operative complications and imme- 
diate postoperative course are concerned. 
However, only those 84 operations with 
a minimum of three months’ follow-up 
period are included in the evaluation of 
results obtained. The follow-up period for 
these 84 operations varies from 3 to 33 
months, the average follow-up period being 
15 months. 

Criteria for “Success.’—A_ result is 
termed successful only if the following re- 
quirements are met. 

1. The tension must be controlled within 
normal limits, with or without the use of 
miotics. The 1954 revised tonometric scale 
is used, and the upper limit of “normal” is 
here considered to be 23 mm. Hg (Sklar). 
No absolute value is taken as the lower limit 
of normal, the delimiting criterion in an eye 
with low tension being whether or not there 
is hypotony such as to impair visual func- 
tion. 

2. There must be no progressive loss of 
visual field following surgery. 

3. There must be no permanent and dis- 
abling injury to the eye as a direct result 
of the surgical procedure. 

Results.—Classified according to these 
criteria, a successful result was obtained in 
69 operations and failure was encountered in 
19 (Tables 1 and 2). In analyzing the 
results obtained, the cases are grouped ac- 
cording to their etiology as follows. 
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Taste 1.—Results in Eighty-Four Cases with 
Follow-Up Periods of Three to Thirty-Three 


onths 
“Success” “Failure” 
1. Primary open angle 47 5 
2. Primary closed angle 6 1 
3. Aphakic ll 4 
4. Miscellaneous other 1 9 
Total 65 19 


1. Primary Open-Angle Glaucoma : Cyclo- 
dialysis was performed in 57 instances in 56 
eyes in cases classified as having primary 
open-angle glaucoma. The age of these pa- 
tients varied from 36 to 85 years, the aver- 
age age being 59, The average intraocular 
tension preoperatively while miotics were 
being used was 33 mg. Hg (Sklar). Visual 
fields changes were as follows: 


Cases, No. 
Normal fields 9 
Minimal field loss 24 
Moderate field loss 10 
Severe field loss 12 
Not recorded 1 


Aqueous outflow studies were performed in 
45 cases; the outflow coefficient was below 
0.13 in 39 cases and above 0.13 in 6 cases. 
Results obtained with cyclodialysis in 
open-angle glaucoma were as follows: 


Cases, No. 
Controlled without miotics 39 
Controlled with miotics 8 
Unsuccessful result 5 
No follow-up 5 


Each of the five unsuccessful cases is 
described in brief detail as follows. 

1—Following cyclodialysis, the 
tension remained between 30 to 42 mm. Hg 
(Sklar) over a 10-month period, with some 
progression of field loss. A second cy- 
clodialysis was performed superiorly. After 
the second operative procedure the tension 
ranged from 8 to 18 mm. Hg (Sklar) 
without miotics. 

Case 2.—Preoperatively there was 
marked visual field loss, with retention of 
only a small temporal island of vision, and 
visual acuity was limited to counting fingers 
at 5 ft. The tension was markedly elevated 
and was not controlled after cyclodialysis. 
No additional operative procedure was per- 
formed. 
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TABLE 2.—“Failures” 


Tension Tension Retinal Loss of 
Still Too De F 


tach- ield 
Elevated Low ment 
Primary open angle 2 1 1 1 
Primary closed angle 1 0 0 
— 2 1 1 0 
iscellaneous other 8 1 0 0 
Totals 13 3 2 1 


Case 3.—Preoperatively there was an im- 
mature cataract. Moderate hyphema was 
noted in the anterior chamber on the first 
postoperative day. On the sixth postopera- 
tive day the hyphema had cleared, but there 
was some vitreous hemorrhage and visual 
acuity was markedly decreased. The vitreous 
cleared slowly, and two months postopera- 
tively a good red reflex could be seen su- 
periorly; vision was limited to counting 
fingers. As the vitreous cleared, the cataract 
gradually progressed. About two and one- 
half months after surgery the patient noted 
a rapid drop in visual acuity in the operated- 
on eye. A cataract extraction was performed 
nine months after the cyclodialysis. A 
retinal detachment with marked retinitis pro- 
liferans and scarring in the posterior fundus 
could then be seen. It was felt that the 
retinal detachment was secondary to or- 
ganization of vitreous hemorrhage. 

Case 4.—Preoperatively there was marked 
optic atrophy and loss of visual field to 
within 3 degrees of fixation. Tension was 
50 mm. Hg (Sklar). The operative pro- 
cedure and immediate postoperative course 
were uneventful. Examination two years af- 
ter surgery revealed the eye to be blind. 
Tension was 8 mm. Hg at that time. 

Case 5.—This case was classified as an 
atypical open-angle glaucoma in which there 
was an anterior insertion of the iris root. 
Tension before surgery averaged 30 mm. 
Hg (Sklar) and was not adequately con- 
trolled with miotics. Early field loss was 
present. The immediate postoperative course 
was uneventful except for a mild anterior 
uveitis which cleared rapidly. The eye re- 
mained too soft, tension varying from mushy 
soft to 5 mm. Hg (Sklar). Edema of the 
macula resulted in gradual decrease of visual 
acuity to 20/70. Sixteen months after the 
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cyclodialysis an attempt was made to close 
the widely open cyclodialysis cleft by incar- 
ceration of iris into a scleral incision just 
posterior to the limbus in the area of the 
cleft. However, the iris failed to remain 
incarcerated. One month later, a second at- 
tempt was made to close the cleft. With use 
of a Grieshaber needle and 000000 black 
nonabsorbable surgical (silk) suture, a su- 
ture was placed through the sclera and cili- 
ary body approximately 2.5 mm. posterior to 
the anterior edge of the ciliary body. The 
suture emerged 2 mm. from its point of en- 
try. The suture was tied, and several surface 
diathermy applications were made just 
posterior to the suture. Gonioscopic exami- 
nation revealed the cleft to be nicely closed. 
The silk suture was removed after six days. 
The cleft remained shallow after this pro- 
cedure, with the posterior portion apparently 
completely closed, but not the anterior por- 
tion. The eye remained in hypotony for six 
months; then the tension suddenly rose to 
34 mm. Hg (Sklar). After instillation of 
miotics the eye reverted to hypotony. During 
the past year there have been six episodes 
of acute rise in tension; on each occasion, 
the response to miotics has been rapid and 
the eye has reverted to hypotony, but the 
hypotony has gradually become less severe, 
visual acuity has improved, and the macular 
edema has largely subsided. During the 
periods of elevated tension, the eye becomes 
congested, the anterior chamber deepens ap- 
preciably, and the patient is aware of in- 
creased visual acuity. 

2. Primary Closed-Angle Glaucoma: Cy- 
clodialyses were performed in eight cases of 
narrow-angle glaucoma; seven of these cases 
were classified as chronic glaucoma, and 
one, as acute congestive glaucoma. In five of 
these cases, previous surgery had been per- 
formed without control of the tension 
(iridencleisis in four and cyclodialysis in 
one). Results are as follows: 


Cases, No. 
Controlled without miotics 5 
Controlled with miotics 1 
Not controlled 1 
No follow-up 1 
Haisten—Guyton 


The case in which the tension was not 
controlled was diagnosed as acute congestive 
glaucoma. Subsequent iridencleisis also 
proved unsuccessful. 

3. Aphakic Glaucoma: Cyclodialyses were 
performed in 17 cases in which giaucoma 
developed following cataract extraction. The 
glaucoma in these eyes had resulted from 
various of the post-cataract-extraction causes 
of fibrous blockage of the angle. Operative 
results are as follows: 


Cases, No. 
Controlled without miotics ll 
Unsuccessful result 4 
No follow-up 2 


Unsuccessful results were encountered in 
four cases of aphakic glaucoma. Each case 
is discussed briefly as follows: 

Case 1.—Patient had had extracapsular 
cataract extraction with vitreous loss. There 
had been rapid development of a cyclitic 
membrane, persistent anterior uveitis, for- 
mation of anterior and posterior synechiae, 
and persistent corneal edema, and the in- 
traocular tension had risen to 53 mm. Hg 
(Sklar). Five months after cataract surgery 
cyclodialysis was performed. The tension 
was not controlled. 

Case 2.—The patient had had an extra- 
capsular cataract extraction three years 
previously. There were persistent corneal 
edema and an elevated intraocular tension 
of 40 mm. Hg (Sklar). Cyclodialysis failed 
to control the tension. 

Case 3.—Following cyclodialysis the 
patient has had a persistent hypotony. The 
tension has ranged from mushy soft to 5 
mm. Hg (Sklar). Two years after surgery, 
the visual acuity now is 20/100; there still 
is persistent macula edema, and there is 
some definite macula degeneration. 

Case 4.—After cyclodialysis a moderate 
hyphema occurred on the third postoperative 
day, with slight reocurrence on the eighth 
postoperative day. As the hyphema cleared, 
examination revealed blood in the vitreous. - 
The vitreous hemorrhage cleared slowly, but 
two months postoperatively there was sud- 
den loss of visual acuity owing to retinal 
detachment. It is believed that the detach- 
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ment was secondary to organization of the 
vitreous hemorrhage. 

4. Miscellaneous Other Types of Glau- 
coma: In this group of cases cyclodialyses 
were performed in 12 instances on a total 
of nine eyes. Results were as follows: 


Cases, No. 
Controlled without miotics 1 
Unsuccessful 9 
No follow-up 2 


A successful result was obtained in only 
one instance; this case exhibited broad an- 
terior peripheral synechiae following intra- 
ocular foreign body. 

The tension remained uncontrolled after 
three cyclodialyses on two eyes with glau- 
coma secondary to siderosis, in one eye with 
glaucoma secondary to penetrating injury, 
and in one eye with glaucoma secondary to 
persistent flat chamber following corneal 
transplant. Persistent hypotony resulted in 
one instance following cyclodialysis in a case 
of glaucoma resulting from intraocular 
foreign body and traumatic cataract. 


In one eye with congenital glaucoma, 
cyclodialysis was employed on three oc- 
casions; previously, cyclodiathermy and 
several goniotomies had already proven un- 
successful. Sixteen months after the third 
cyclodialysis the tension was 24 mg. Hg 
(Sklar); the cornea has remained edematous 
and cloudy. 

There are two aspects of the analysis of 
results which do not fit into the preceding 
discussion, 

1. In the series of cases being reported, 
cyclodialysis was employed in 14 instances 
on patients of the Negro race. Adequate 
follow-up was not obtained in one case. 
In 12 cases of chronic open-angle glaucoma, 
a successful result was obtained in 7 cases 
without miotics and in 5 cases with miotics. 
One case of primary closed-angle glaucoma 


TABLE 3.—“Successes” 


was successfully controlled with miotics post- 
operatively. It is interesting to note that 
miotics were necessary postoperatively in 6 
of the 13 “successful” results (46%) in 
Negroes, in contrast to only 3 of the 52 
“successful” results (6%) (Table 3) in 
white persons. 

2. In this series of 84 operations with a 
follow-up of at least three months, six of 
the eyes had had unsuccessful iridencleises 
performed. In all of these, a successful re- 
sult was obtained following cyclodialysis. 
Six additional cases had had unsuccessful 
cyclodialyses performed elsewhere; a suc- 
cessful result was obtained in five of these 
cases after repeated cyclodialysis. 


Complications 

Early complications included hyphema, 
vitreous hemorrhage, vitreous loss, and air 
blockade of the pupil (Table 4). Endoph- 
thalmitis did not occur in this series. 
Damage to Descemet’s membrane was re- 
ported infrequently and apparently was of 
no serious consequence in this particular 
series; however, in the past, we have seen 
several instances where there was persistent 
corneal edema from stripping loose a large 
segment of Descemet’s membrane. 

1. Hyphema.—Hyphema occurring at the 
time of surgery was noted in 37 of the 
94 cases; the hyphema was described as 
minimal in 25 and moderate in 12. 

Hyphemas occurring between the Ist and 
13th postoperative days were noted in 41 
cases; most of these occurred during the 
lst, 2d, or 3d postoperative day. The 
hyphema was described as mild in 24 cases, 
moderate in 14 cases, and severe in 3 cases. 

Either immediate or delayed hyphema oc- 
curred in 68 of the 94 cases operated upon. 
The hyphemas, without exception, subsided 


Taste 4.—Early Complications 
(Ninety-Four Operations) 


White Negro Incidence, % 
normal without miotics 49 7 1. Hyphema 72 
Miotics required ively 3 6 2 Vitreous hemorrhage 5 
a -_ 3. Vitreous loss 5 
Totals 52 13 4. Pupillary block 1 
512 


Vol. 59, April, 1958 


| 
| 
| 
i 
: 
ean 


CYCLODIALYSIS WITH AIR INJECTION 


spontaneously, without the necessity of sur- 
gical intervention. 

Out of the 84 operations with at least 
a three-month follow-up, hyphema had been 
present in 51 of 71 instances (72%) where 
the tension was reduced to normal or below 
and in only 7 of the 13 instances (54%) 
where the tension remained elevated post- 
operatively. In this series, it would appear 
that the occurrence of hyphema had no 
definite influence on the control or lack of 
control of the tension postoperatively. 

2. Vitreous Hemorrhage.—Blood in the 
vitreous was noted in five cases. In two 
instances in aphakic patients the source was 
thought to be infiltration of anterior cham- 
ber hemorrhage into the vitreous structure. 
In both of these, the blood gradually ab- 
sorbed without damage to the eye. In one 
case where the vitreous hemorrhage was 
definitely attributed to poor surgical tech- 
nique, the ciliary body having been pene- 
trated with the spatula during the procedure, 
the blood likewise gradually absorbed with- 
out damage to the eye. 

In two other instances it is not known 
with certainty whether the ciliary body was 
penetrated or not; in both of these cases the 
vitreous hemorrhage was followed by or- 
ganization of the vitreous and retinal de- 
tachment. 

3. Vitreous Loss.—Vitreous loss occurred 
in three aphakic eyes and in two phakic 
eyes. Follow-up examination was not ob- 
tained in one case. In three cases control 
of the glaucoma was successful, with no 
sequelae. In the fifth case, where the glau- 
coma was secondary to corneal laceration 
and traumatic cataract extraction, the ten- 
sion remained elevated. 

4. Pupillary Block—Pupillary block oc- 
curred in one case on the second postopera- 
tive day. The tension was markedly elevated, 
and the air bubble was seen to completely 
cover the somewhat constricted pupil. Re- 
peated instillations of 10% phenylephrine 
and 5% homatropine resulted in dilatation 
of the pupil with resulting relief of the air 
blockade and rapid return of tension to 
normal. 


Haisten—Guyton 


TasLe 5.—Late Complications 
(Eighty-Four Operations) 


Incidence, % 
x % 
3. Retinal detachment 2 
4. Cataract 7 
5. Pigment obstructing pupil 2 


5. Late Complications——Late complica- 
tions include failure to control the intra- 
ocular tension, hypotony, retinal detachment, 
cataract formation, and iris pigment obstruct- 
ing the pupillary space (Table 5). 

(1) Tension Elevated: The tension re- 
mained elevated following cyclodialysis in 
13 instances in a total of 10 eyes (the 
cyclodialysis had been repeated once in one 
case and twice in another without control). 
The tension usually became elevated during 
the hospital stay, and, with but one excep- 
tion, the failure was evident within one 
month following surgery. 

(2) Hypotony: Persistent hypotony oc- 
curred in three cases, as previously de- 
scribed. In three other instances the tension 
has ranged between 5 and 8 mm. Hg 
(Sklar) without evidence of decreased ocu- 
lar function, and these have therefore not 
been classified as unsuccessful results. 

(3) Retinal Detachment: The two cases 
having retinal detachment following organi- 
zation of vitreous hemorrhage have been 
described in detail previously in this report. 

(4) Cataracts: Progression of preexisting 
lens opacities or appearance of definite 
cataract formation frequently follows any 
type of glaucoma surgery. In this series 
cataract formation was definitely due to 
operative trauma in two instances. In four 
other cases there was rapid progression of 
the lenticular opacities, with marked loss of 
vision within six months after surgery. In 
nine other instances there were slow gradual 
lens changes which might or might not have 
developed more rapidly than would have 
been the case without surgery. 

(5) Obstruction of Pupillary Space: Ob- 
struction of the pupillary area by iris pig- 
ment on the lens capsule occurred in two 
cases. In both of these cases cataracts de- 
veloped rapidly. 
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Summary and Conclusions 


A series of 94 consecutive cyclodialyses 
employed in the surgical treatment of varied 
types of glaucoma has been reviewed, with 
emphasis being placed upon the evaluation 
of results obtained and complications en- 
countered. The operative technique employed 
has been described in detail. 

The indicated role of a specific operative 
procedure in the surgical treatment of 
glaucoma is always controversial and often 
somewhat cyclical. At present, cyclodialysis 
appears to be widely favored for aphakic 
glaucoma but only occasionally favored for 
other types. 

In this series of cases cyclodialysis has 
given rather good results in chronic simple 
glaucoma, in chronic noncongestive narrow- 
angle glaucoma, and in aphakic glaucoma. 
Cyclodialysis would appear to be the surgical 
procedure of choice in those cases in which 
a filtering type of operation has proven un- 
successful. Because of the frequency of 
failure of the filtering operations in the 
Negro race, we feel that cyclodialysis is the 
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indicated procedure in most cases of glau- 
coma in this group of patients. 


The results were poor in the few instances 
where cyclodialysis was utilized for con- 
genital glaucoma, for glaucoma secondary to 
siderosis bulbi, for glaucoma secondary to 
perforating injuries, and for primary acute 
congestive glaucoma. 


Henry Ford Hospital (2) (Dr. Guyton). 
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The Electroretinogram as a Prognostic Aid in 


Retinal Detachment 


JERRY HART JACOBSON, M.D.; DEMIR BASAR, M.D.; JOHN CARROLL, M.D.; GEORGE STEPHENS, M.D., and 


ARAN SAFIR, M.D., New York 


In retinal detachment the amplitude of 
the b-wave of the electroretinogram (ERG) 
has been observed to be characteristically re- 
duced. It has also been found that a reduc- 
tion in amplitude of the ERG is usually also 
present in the opposite eye of the patient 
with the detachment. This has been reported, 
by investigators all over the world, during 
the past 10 years.’ 


Recently, Rendahl ?° has published a fol- 
low-up article on his original series, bringing 
the total he has studied to 250 cases. The 
conclusions drawn in this paper are that 
there is a statistically significant difference 
in the amplitude of the ERG between those 
patients who had a “successful” operative 
result and those who did not. Because of 
the great variation in individual cases, how- 
ever, it was felt to be difficult to assess prog- 
nostic value to the ERG in a particular case. 
The author also felt, however, that in cases 
where the decision concerning the advisabil- 
ity of surgery is difficult, the ERG provides 
a valuable added bit of information, espe- 
cially where a poor prognosis to be adduced 
by ordinary clinical methods of study. 

In this study and, indeed, in all of the 
studies published, the criterion for “success- 
ful” treatment of the detachment has been 
the achievement of an anatomical restora- 
tion, that is, the reattachment of the retina. 
It is our opinion that, since the ERG is a 
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measure of retinal viability, it is much more 
likely that a correlation exists between the 
eventual return of visual function and the 
ERG than between the restoration of ana- 
tomical integrity and the electrical activity 
of the retina. 

Over the past three years, therefore, pa- 
tients at the New York Eye and Ear In- 
firmary have been studied with preoperative 
ERG’s. Although the number studied does 
not approach that of the Rendahl series, it 
is felt that statistically significant conclu- 
sions can be drawn. 


Technique 


A total of 80 patients, both private and 
service, were surveyed two to five days prior 
to proposed surgery. The ERG was re- 
corded by use of a contact lens electrode 
and a standard EEG machine. The stimulus 
light was a General Radio Strobolux, pro- 
ducing 3.2 10® candles. For the purposes 
of this report we shall discuss only the 
results with white light. The ERG’s in the 
two eyes were recorded simultaneously. 
The following factors were recorded in each 
case: (1) sex, (2) age, (3) eye affected, 
(4) duration of detachment, (5) original or 
recurrent detachment, (6) preoperative vis- 
ion, (7) type of surgery, (8) anatomical 
result two months after operation, (9) vision 
two months after operation, (10) ERG 
b-wave amplitude in affected eye, and (11) 
ERG b-wave amplitude in fellow eye. 

The patients were operated upon by a 
number of surgeons, both resident and at- 
tending, by a variety of techniques. Of the 
80 cases initially studied, 30 were excluded 
from the series, for the following reasons: 
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Cases, No. 


No surgery performed 14 
Insufficient data (including unreliable ERG) 14 
Malignant melanoma 1 
Albinotic aphakic with complex 
refractive and corneal disease 1 
Results 


The mean b-wave amplitude of the 50 
cases was 52.3uv. (microvolts), as compared 
with 149.9uv. in the fellow eye and approxi- 
mately 250uv. in our control series of 500 
normal eyes. 

The correlations between the ERG ampli- 
tude and the results of surgery were drawn 
in a number of ways, in order to coincide 
with published series and also to elucidate 
our own points. 

The mean b-wave amplitude in those eyes 
in which anatomical restoration was achieved 
was 72.4pv.; in those eyes which did not 
have a satisfactory anatomical result the 
mean b-wave was 38.6uv. The difference 
between the means, 33.8uv., with a standard 
error of 16.2pv., is statistically significant 
at the 5% level. 


The correlation between the ERG ampli- 
tude in a given eye and the eventual visual 
result was drawn in two ways. The mean 
b-wave of those eyes which attained a vision 
of better than 20/200 was 96nv. In those in 
which a vision of 20/200 or less was at- 
tained, it was 28.5yv. The standard error 
of the difference between the means is 14.2uv. 
This difference is significant at a level 
greater than the 1% level. A correlation of 
these two factors, the ERG amplitude and 
the postoperative visual result, was also 
drawn by the “rank difference” method. 
This statistical technique is a sensitive test 
of the existence of a correlation between 
an individual’s standard in each of two 
achievement factors. The correlation factor, 
p, for this study, that is, a correlation of 
the amplitude of the ERG and the visual 


result, is 0.70, which is highly significant, 


indicating that there is almost no possibility 
of these findings being due to chance. 


A calculation was made also of the rela- 
tionship of the amplitude of the ERG of 
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the fellow eye to the anatomical and visual 
result in the eye with detachment. In this 
series we eliminated those eyes which had a 
detachment or other serious pathology in 
the fellow eye. The mean of the fellow eye 
of those cases with an anatomical restora- 
tion was 185zv.; that of those fellow eyes 
in cases without anatomical restoration, 
128uv. The difference, 57yv., is significant 
at the 5% level. Similarly, the mean of 
those fellow eyes in patients whose vision 
was 20/200 or worse was 129.8yv.; that of 
those with vision better than 20/200, 
184.3uv. The difference in this case, 54.5yv., 
is also significant at the 5% level. 

Aside from the statistical approach, sev- 
eral interesting observations can be made. 

None of the patients in this series whose 
preoperative ERG b-wave was “extin- 
guished,” or below that capable of measure- 
ment by our techniques, attained a 
postoperative visual acuity of better than 
20/200. 

Of the patients who attained an anatomi- 
cal reattachment, four had an extinguished 
ERG; none of these had a restoration of 
better than 20/200 vision. Table 2 presents 
those cases who had an anatomical restora- 
tion, in ascending order of ERG amplitude. 
Aside from the four cases with extinguished 
ERG’s, Cases 27, 41, 45, and 50 had a 
visual result less than 20/200. Case 27 had 
the lowest measurable ERG, 25yv., and each 
of the other three had had their detach- 
ments for over a year. In our opinion this 
prolonged separation of the retina from its 
choroidal blood supply makes visual recovery 
doubtful. 


Summary and Conclusions 


The results of this study show that in 50 
cases of retinal detachment the preoperative 
ERG b-wave amplitude bore a direct corre- 
lation of a high degree of statistical signifi- 
cance to the postoperative visual result and, 
to a less degree, to the reattachment of the 
retina as a consequence of surgery. 

In no instance where the ERG was “ex- 
tinguished,” that is, below the limits of the 
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Distribution of patients according to b-wave amplitude and visual result, showing that none 
of the patients with an extinguished ERG attained vision of better than 20/200 and showing 
the proportion of visual results in patients with other ERG amplitudes. Black bar, visual 
acuity after surgery of 20/200 or less; hatched bars, visual acuity after surgery of better than 


20/200. 


TaBLe 2.—Patients Who Attained Anatomical 
Restoration of Retina, in Ascending 
Order of ERG b-Wave Amplitude 


Case b-Wave Postoperative 
Visual Acuity 

12 x H. M. 
“4 x F.C. 
26 x 20/500 
34 x 20/200 

7 25 20/2000 
24 35 20/50 

50 35 H. M 
3 50 20/70 

15 50 20/100 
46 50 / 50 

49 55 20/50 

10 65 20/70 

41 65 20/200 
20 70 20/20 

31 75 20/70 

30 80 20/50 

45 30 20/400 
23 85 20/20 

35 90 20/50 

39 90 20/70 

44 100 20/25 

4 125 

42 175 20/40 

17 200 20/50 

32 210 20/70 


ability of our recording technique to detect 
a response (about I5yv.), was a_ visual 
acuity of better than 20/200 attained. Of 
the few cases where reattachment was 
achieved and the ERG amplitude was “ex- 
tinguished,” none obtained vision of better 
than 20/200. Obversely, in those cases 
where restoration of the anatomical position 


Jacobson et al. 


was accompanied by vision of 20/200 or 
less, all had either extinguished ERG’s or 
ERG amplitude of extremely low degree, 
with the exception of three cases in which 
the detachment had been present for at least 
a year prior to therapy. 

A study of the prognostic significance of 
the ERG in retinal detachment must, in our 
opinion, consider not only the restoration 
of anatomical position of the retina but also 
the resumption of visual functional ability 
as a criterion of success. Since the ERG 
is a measure of retinal viability, and hence 
functional ability, we feel that consideration 
of this functional integrity is of prime im- 
portance. 

Since, of necessity, in such a complex 
subject as retinal detachment and its therapy, 
a great number of variables must be consid- 
ered, including the type of surgery, the pro- 
priety of the surgery, the skill of the 
individual surgeon, the postoperative course, 
and the duration of the disease, a statistical 
approach is an inescapable eventuality. The 
statistical analysis of these figures has, there- 
fore, been as thorough as possible. 
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In our opinion, the ERG is of definite 
clinical prognostic significance in retinal de- 
tachment and belongs in the armamentarium 


of the ophthalmologist in his handling of the 
disease. 


880 Sth Ave. (21). 
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Lipemia Retinalis 


Report of a Case in a Diabetic Child Aged Twenty-Eight Months and Review of 


the Literature 


H. WYATT LAWS, M.D., and ELEANOR R. HARPUR, M.D., Montreal, Canada 


Lipemia retinalis is a visible ophthalmic 
manifestation of a profound disturbance in 
lipid metabolism. It occurs most frequently 
in association with diabetes concomitant 
with acidosis of a more or less severe de- 
gree. Only an ophthalmologist who has 
been lucky enough to see the fundus of a 
patient with lipemia retinalis can appreci- 
ate Heyl’s' astonishment when, in 1880, 
he described its “remarkable appearance” 
for the first time. 

The case of a 28-month-old boy pre- 
sented here shares with that of Koch and 
Strong ** the distinction of being the young- 
est diabetic with lipemia retinalis reported to 
date. 


Case History 


A white boy, aged 28 months, was ad- 
mitted to the Montreal Children’s Hospital 
on Oct. 9, 1956. He had been well until 
three weeks prior to admission, when easy 
fatiguability and refusal to play were noted. 
A week later it was realized that his appe- 
tite, previously exceptionally good, had 
diminished, although he was thirsty and 
drank up to 2 qt. of orange juice daily. He 
was weak and lethargic and had deep sigh- 
ing respirations not associated with respira- 
tory difficulty. He lost weight rapidly and 
became progressively more lethargic until 
the day of admission, when he became diffi- 
cult to arouse. 
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The family history was noteworthy in 
that the maternal grandfather was a diabetic 
at the time of his death and the mother was 
said to have developed diabetes at 16 years 
of age, which was cured spontaneously 
after 4 years of treatment by diet alone. 

The patient’s past history revealed that 
birth and development had been normal and 
that there had been no major illnesses. The 
weight at birth had been 7.5 lb., and prior 
to the present illness it was 38 lb. He was 
an only child. 


On physical examination the child was 
pale, stuporous, emaciated, moderately de- 
hydrated, and markedly hyperpneic. His 
weight was 22.2 lb. The liver was grossly 
enlarged, reaching almost to the umbilicus. 
The reflexes were diminished. 

The external eye examination showed a 
low intraocular tension (digital). The pupils 
were dilated but reacted to light. 

The fundus examination revealed all the 
characteristics of marked lipemia retinalis 
equally in the two eyes. The discs were a 
creamy yellow-pink, and the vessels on the 
disc and extending out into the periphery 
of the retina were ivory-colored. Arterioles 
and venules all looked alike and appeared 
flat and about twice the normal width. The 
retina itself was a pale yellowish-pink; 
there were no hemorrhages or other signs 
of pathological change. The visual acuity 
was not assessable because of his age and 
the presence of coma. 

The urine examination revealed the pres- 
ence of large quantities of both sugar and 
acetone. Blood withdrawn for biochemical 
and hematological analyses had the appear- 
ance typical of pronounced lipemia. It was 
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pale pink, and following centrifugation the 
supernatant plasma was found to be the 
color and consistency of cream. The hemo- 
globin could not be determined because of 
the turbidity; however the red cell count 
revealed an extreme degree of anemia 
(1,700,000 cells per cubic millimeter). The 
biochemical findings showed a profound 
acidosis with extremely low serum potas- 
sium, hyperglycemia, and hyperlipemia. 
During the first 24 hours of treatment 
(Day 1) the child received 55 units of 
insulin in divided doses together with 500 
mEq. of sodium and 100 mEq. of potas- 
sium. In addition, 200 ml. of plasma and 
100 ml. of blood were administered. Intra- 
venous therapy was continued during Day 
2 together with divided doses of crystalline 
insulin. Some oral fluids were taken. By 
Day 3 the child was no longer in acidosis. 
The total plasma lipids on Day 1 
amounted to 16.0 gm/100 ml., and the 
plasma total cholesterol was 1.0 gm/100 ml. 
Electrophoresis of the plasma showed most 
of the fat to be neutral fat with low mobil- 
ity. On Day 3 the total lipids had fallen 
to 11.7 gm/100 ml., and on Day 4, to 
5.8 gm/100 ml. Clearing of the lipemia 
retinalis began on Day 3 and was first seen 
in the vessels of the disc, which began to 
assume a pinkish color in the center of the 
lumen while the walls remained pale; by 
Day 4 the pink color of the vessels extended 
out beyond the disc margin for 1 D. D. and 
the general appearance of the retina became 
less yellowish. On Day 5, the central ves- 
sels of the disc and for a distance of about 
4 D. D. beyond were almost normal; the 
venules appeared purplish and the arterioles 
reddish, and both were of nearly normal 
caliber; however, the peripheral vessels 
were still lipemic. Between Day 6 and Day 
7 the peripheral vessels cleared and the 
whole fundus became almost normal in ap- 
pearance. From the slope of the disappear- 
ance curve, we would estimate that the blood 
lipids at this point were between 4.0 and 
3.0 gm/100 ml. On Day 9 the plasma lipids 
were 1.8 gm/100 ml. and the fundi ap- 
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peared completely normal. They have re- 
mained normal since. There was a steady 
improvement in the anemia, so that by Day 
9 the hemoglobin was 8.9 gm/100 ml. and 
by Day 16 the hemoglobin had reached a 
normal level of 13.0 gm/100 ml. 

The child was unhappy in hospital, had a 
poor appetite, and was weak and lethargic. 
It was finally decided that he would do 
better at home. He was accordingly dis- 
charged on Oct. 26, 1956, to the care of 
his family physician. 

When seen again in March, 1957, the 
child appeared to be in excellent health; 
his weight was 36 lb.; his color was good, 
and he was alert and active. His eyes ap- 
peared normal. His liver was no longer 
palpable, and his diabetes was weli con- 
trolled on 15 units of isophane (NPH) 
insulin daily. 


Comment 

According to Heyl,’ milky serum, or 
lipemia, was reported by Rollo as long ago 
as 1798 in a treatise on the subject written 
in London. Later reporters were Kussmaul 
and Virchow. Duke-Elder, in his “Text-Book 
of Ophthalmology,” ** describes lipemia as 
“a condition wherein fat in an emulsified 
state is present in the blood to a degree 
which alters its appearance.” On the basis of 
evidence of available material in 1936, he 
stated, “Diabetes is the only disease wherein 
the condition becomes sufficiently marked to 
be seen ophthalmoscopically in the retinal 
vessels as lipaemia retinalis.” He cited one 
exception, a case of leukemia reported in 
1922 by Wagener.’* Since Wagener’s case, 
there have been reported to date 12 addi- 
tional cases of lipemia retinalis in nondia- 
betics one of these was 
in a one-year-old child.‘ Most recent writ- 
ers agree that many cases of lipemia reti- 
nalis are missed or not reported; the total 
of reported cases to date (May, 1957) is 
82, of which 69 were diabetic and 13 were 
nondiabetic. About three-quarters of the 
cases have been in males; the average age 
has been 25 years, with extremes running 
from 1 year to 65 years.*® This is be- 
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lieved to be the 70th reported case in a 
diabetic. 

The clinical appearance of the retina is 
found to be similar by all reporters. The 
arteries and veins are flat and ribbon-like 
and almost impossible to distinguish from 
each other; they appear to be filled with 
“cream.” In severe cases this yellow-white 
coloring of the vessels extends from the 
periphery to the center of the disc, but more 
commonly the vessels on the disc, and fre- 
quently those up to a distance of 1 D. D. 
from the disc margin, remain salmon-col- 
ored ; the light reflex is lost or diffuse, and 
there may be yellowish-white stripes paral- 
leling the vessels. In less severe cases the 
background of the fundus remains relatively 
normal in appearance, but in severe cases 
it becomes lighter in hue, presumably be- 
cause of lipemia in the choroidal ves- 
sels. 2:27-35,36 

Prior to the use of insulin, in 1922, 
twenty-four cases of lipemia retinalis were 
reported.4* With one exception, all died in 
coma. If one estimates the severity of li- 
pemia retinalis by the degree of creamy 
coloration of the vessels, then most of the 
very severe cases have been discovered in 
association with diabetic coma. Visual 
acuity is rarely grossly affected during the 
acute phase, and it returns to preattack 
level after recovery. An occasional report 
of a small retinal hemorrhage *** occurring 
in conjunction with lipemia retinalis is the 
only known ocular complication. In con- 
junction with diabctes, xanthomata °%.*5.28.48 
have been reported, which rapidly disap- 
peared with insulin therapy. 

A review of the literature reveals many 
attempts to explain the phenomenon, but 
most authors agree that the physiopathologic 
factors are still inadequately understood. 
It was noted by early reporters that visible 
lipemia retinalis could not be exactly cor- 
related with blood lipid levels. There 
were conflicting reports, and McCann ?? ac- 
tually reported the disappearance of lipemia 
retinalis as total blood fat level rose. Blood 
lipid levels in lipemia retinalis have been re- 
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ported ranging from 3.5 gm/100 ml. to 
48.0 gm/100 Parker 
and Culler ® believe that this variance is 
due to the multiplicity of methods used in 
lipid determination; they say that lipemia 
retinalis is apt to appear when the blood 
lipids rise above 3.5 gm/100 ml., while 
others *1:52.54 report clearing of the retinal 
vessels when the plasma lipids fall below 
an average level of 2.0 gm/100 ml. 

The various explanatory theories for li- 


pemia retinalis have been reviewed and may 
be summarized as follows. 


Fatty infiltration of the perivascular tis- . 


sues and vessel walls has been suggested 
by several writers 3,4,7,14,21,23,24,35,36,58 asa 
cause for lipemia retinalis. Muscle biopsies 
from patients with lipemia retinalis have 
shown fat in the vessel walls and _peri- 
vascular lymph vessels, and it has been as- 
sumed that similar conditions probably 
prevail in the retina and that the normal 
or usually slight permeability of the blood 
capillaries to fat is in some way increased 
in lipemia retinalis. In Allen and How- 
ard’s case,** the appearance of lipemia reti- 
nalis persisted for two days after the blood 
fat levels had fallen to normal, supporting 
this theory. 

Manning et al.** demonstrated the pres- 
ence of fat-filled histiocytes in the bone 
marrow during lipemia retinalis; these 
cells disappeared when the blood lipids re- 
turned to normal; however, the lipemia 
retinalis disappeared while the fat-filled 
histiocytes were still demonstrable. They 
concluded that the presence of these cells 
could not entirely account for the eye 
changes. 

Other authors have felt that hyperlipemia, 
perhaps of an unusual character, might of 
itself account for the phenomenon of lipe- 
mia retinalis. The nature of the lactescence 
and the factors causing it have been widely 
investigated. Marble and Smith,*5 in 1936 
analyzed the plasma lipids in cases of lipe. 
mia retinalis and were able to show that 
the greatest proportional increase was in 
the fatty acid fraction, the next greatest 
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was in the cholesterol, and the least was in 
the phospholipids. They were able to show 
that the degree of lipemia does not neces- 
sarily parallel the degree of acidosis. Boyd,® 
in 1937, reported that in certain instances 
the lipid content of clear sera was higher 
than that of milky sera and showed that 
there was a quantitative relationship be- 
tween the phospholipid level and the degree 
of lipemia. Ahrens and Kunkle,** in 1949, 
confirmed and extended these observations. 
Further elucidation of the physical phe- 
nomenon of lactescence of plasma was given 
by Albrink, Man, and Peters, in 1955. 
They employed ultracentrifugation of the 
lipemic plasma to separate the insoluble fat 
particles so that a supernatant layer of fat 
and a subnatant clear plasma resulted. They 
found the clear subnatant plasma to con- 
tain neutral fat in solution between the 
limits of 10 and 30.4 mEq. per liter (0.27 
. gm. and 0.85 gm/100 ml.), although the 
total (soluble plus insoluble) neutral fat of 
the samples varied from 16.8 to 478 mEq. 
per liter (0.47 gm. to 13.9 gm/100 ml.). 
When the neutral fat increased above 
20 mEq. per liter (0.56 gm/100 ml.), the 
serum was invariably lactescent. This in- 
crease in neutral fat was the only lipid 
change consistently associated with lactes- 
cence. Variations in phospholipid-fatty 
acid or phospholipid-cholesterol ratios were 
not apparently significant. It was their 
opinion that the primary metabolic block 
was in the removal of fatty acid from the 
plasma and that all other changes followed 
upon this. 

From a physiological point of view, 
Stearns ** points out that in diabetic acido- 
sis there is a marked depletion of organic 
acid-soluble phosphorus in the blood cells 
which is accompanied by phosphaturia. 
With treatment of the acidosis the phos- 
phaturia ceases, and there is a gradual re- 
placement of the organic acid-soluble 
phosphorus in the cells, a process which 
takes about a week before normal levels 
are reached. This, he believed, indicated 
that one of the major metabolic defects in 
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diabetic acidosis and in the associated lac- 
tescence of the serum was in the metabolism 
of organic phosphate compounds. 


Thus, there is no adequate explanation 
for the development of lactescence of the 
plasma in certain persons. However, when 
this phenomenon does occur the plasma 
lipids have exceeded their limit of solubility 
and the excess lipids create the typical 
milky appearance of the plasma. The in- 
soluble fat is present as chylomicra which, 
according to McCann,?! vary in size from 
7p» to 20u in diameter. Chylomicra are 
demonstrable in normal plasma, but here 
the size varies from 0.035 to 1p. The large 
chylomicra of lactescent serum have been 
demonstrated in blood smears,”* in capillary 
loops,?4 and in frozen sections of muscle 
biopsy specimens.** 

As a corollary to Cohen’s suggestion 1 
that the lipemia retinalis might be due to the 
red blood cells congregating in the middle 
of the lumen, we should like to suggest that 
the phenomenon of lipemia retinalis can be 
explained at least in part by the physical 
relationship of the red blood cells and the 
chylomicra in the smaller blood vessels. 

In all blood vessels the rate of flow of 
the blood stream is always most rapid in 
the center of the vessel and decreases to- 
ward the periphery. If to the blood stream 
is added a large number of chylomicra 
which are larger and less dense than the 
red cells, these fat particles will tend to 
move less rapidly and will be displaced 
peripherally. This will result in a vessel 
containing a central core of fast-moving 
red cells surrounded by a collar of slower- 
moving chylomicra. Seen from the side, 
such a vessel would appear whiter than nor- 
mal. As one approaches the tertiary and 
quaternary branches of the retinal ar- 
terioles and venules, the average diameter 
of the vessels is 20n to 25, at which point 
the chylomicra will arrange themselves 
linearly, since they may be up to 20, in 
size. Under these circumstances, any pre- 
ponderance of chylomicra over red cells 
will tend to reduce the red color of these 
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and smaller vessels. If anemia is marked, 
as in the present case, there may be such 
dilution of the red cells as almost to nullify 
any red coloration. This would explain why 
lipemia retinalis is seen first and last in the 
smaller peripheral vessels and in mild cases 
is confined to them. Thus, a rising red 
blood cell count and a decreasing lipemia 
would account for clearing of the lipemia 
retinalis. In future cases simultaneous 
chylomicron and red cell counts throughout 


the course of the illness would evaluate this 
theory. 


Summary 


A case of lipemia retinalis in a 28-month- 
old diabetic child is reported. 


The literature is reviewed, and a com- 


plete list of references reported to date is 
presented. 


A further explanation of lipemia retinalis 
based on the relationship of red cells to 
chylomicra is suggested. 


1509 Sherbrooke St. West. 
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Constant-Pressure Tonography 


ROBERT A. MOSES, M.D., St. Louis 


Scleral Rigidity in Tonography 


It has been apparent to those working in 
tonography that one of the uncertainties of 
the procedure is the determination of the 
coefficient of scleral rigidity. This quantity, 
a characteristic of the individual eye, was 
formulated by Friedenwald * as follows : 


p= toe a 
in which 


E=coefficient of scleral rigidity 

4V7.=change of volume of the eye 

P,=initial intraocular pressure 

P.=final intraocular pressure 

Grant? described the volume change in 
the eye during tonography. This may be 
expressed as follows: 


‘V= Veo—Vey_ (2) 
(scleral shrinkage with (increase in corneal 
drop in pressure) indentation) 

in which 

4’ =total volume loss 

E=coefficient of scleral rigidity 

and Pr g=initial and final intraocular pres- 
sures with the tonometer in place 

V., and V.9=initial and final corneal indenta- 
tion volumes * 
Owing to the difficulty of measurement 
of E in the individual case, some workers 
have assumed an average value of E in their 
clinical work. 
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In computation of the facility of outflow 
(Linnér’s modification * of Grant’s formula), 


ay 
t(Ptav—Po— Pv) (3) 


in which 

C=facility of outflow 

t=time 

Ptay=average tonometric pressure 

P.=intraocular pressure before instrumentation 

4“P,=increase in episcleral venous pressure due 
to instrumentation 
the value selected for P, also depends upon 
estimation or assumption of E. P, may be 
measured independently, as by the Gold- 
mann applanation tonometer. The marked 
effect of variations in scleral rigidity on the 
determination of facility of outflow by 
tonography has been described by Frieden- 
wald* and discussed exhaustively by Bal- 
lintine.® 


Elimination of the Scleral Rigidity 
Factor in Tonography 

If the pressure within the eye could be 
held constant during tonography, the scleral 
shrinkage term in Equation 2 would be 
eliminated, and 

(4) 
The average value for P; in Equation 3 
would be replaced by a constant value. 


Equation 3 then becomes 
Veg— Ve, 4V. 
t(Pt—Po—4Pyv) t(Pt—Po—4Pyv) (5) 


The necessity of estimating P, and 4P, 
could be eliminated as follows: If two con- 
stant-pressure measurements were made at 
different pressure levels, facility of outflow 
would be 

(6) 

in which subscripts I and II refer to the 

measurements at two different pressures.* 

This equation is graphed in Figure 1. The 
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Fig. 1—Graphic representation of Equation 5. 


line of slope C would cross the pressure 


axis at P,+4P,* 
av 
Po=P.— (7) 


On tonographies I and II 


4} 
— 
Cty, 
4V 
Pr 
I Ct, II Cty 
Cty Ct, 
| 


F, the outflow of aqueous at normal in- 
traocular pressure, would be calculated as 
usual from Goldmann’s equation *: 

F=C(P.—Py) (8) 


Method 


Some years ago Dr. Elmer Ballintine 
suggested to me that intraocular pressure 
might be maintained by adding weight to 
the tonometer plunger as fluid leaked out of 
the eye. 

In the Friedenwald nomogram, at any 
constant pressure (scleral rigidity zero), 
plunger weight and scale reading are linearly 
related. (Fig. 2). A separate isobar line 
528 


can be drawn for each P; value. Thus, if 
during tonography, as the scale reading 
increases, weight is added to the plunger at 
an appropriate rate P, can be kept constant. 

It was found by trial that if a line were 
drawn perpendicular to the Mueller tonom- 
eter scale reading 5.2, this line crossed the 
extensions of the other scale lines at nearly 
equal intervals from Scale 2 to Scale 14 
(Fig. 3). A 1 cc. tuberculin syringe con- 
taining mercury was arranged parallel to this 
line of equal divisions so that the plunger 
could be depressed by a lever manually 
maintained at the position of the tonometer 
needle. The mercury was conveyed by fine 
tubing to the tonometer handle, where a 
nozzle of 23-gauge steel tubing was aimed 
at a small paper cup fastened to the end 
of the plunger (Fig. 4). Calibration was ac- 
complished by adjusting the height of the 
syringe until the weight of the mercury 
expelled between the scale readings for two 
standard plunger weights at a given pressure 
level corresponded to the desired weight. 
The 1955 Friedenwald tonometry tables ® 
were used as a basis for calibration. 

In use, volume values for intermediate 
plunger weights are obtained by interpola- 
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Fig. 2.—At constant P: tonometer scale reading is linearly proportional to plunger weight. 


Fig. 3.—On the Muel- 
ler tonometer dial a line 
perpendicular to the line 
of the needle at Scale 5.2 
is equally divided by the 
projections of the scale 
readings from 2 to 14. 
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Fig. 4.—The syringe A is placed parallel to the 
line on which scale divisions are equally spaced 
(see Fig. 3). During tonography the syringe is 
first adjusted to a height corresponding to Pr. 
(Calibrations are engraved on syringe support B.) 
Then lever C is placed at the position of the scale 
needle and stopcock D is turned to allow mercury 
to flow through tubing E into paper cup F on the 
tonometer plunger as the lever, following the posi- 
tion of the scale needle, depresses the plunger of 
the syringe. 


Results 


The Table gives representative values for 
regular and constant-pressure tonography on 
three subjects. In Case 1, L. E., insuffi- 
cient mercury was added to the plunger 
during constant-pressure tonography with 
the 7.5 gm. weight and the resultant value 
for C is excessively low; C as derived from 
two constant-pressure tonographies could not 
be calculated. 


In Case 2 the high values of C as calcu- 
lated from two constant-pressure tonog- 
raphies are unexplained. 


Comment 
The general agreement between the con- 
stant-pressure and ordinary tonography 
measurements is heartening. The scatter of 


sure tonography record- 
ing starting with 7.5 gm. 


plunger load. P.=34.5 
mm. Hg; P.=15.6 mm. 4 38 


Hg; *P.=15 mm. Hg; 
*P=17.4 mm. Hg; 


16 cu. mm.; Veg=24 cu. 
mm.; *“V=8 cu. mm; 


. ay 
t=2.0 minutes. 


8 rit 


minute per millimeter Hg. 


tion on the Friedenwald nomogram. A 
tonographic calculation using the constant- 
pressure method is illustrated in Figure 5. 


Comparison of Constant-Pressure and Regular 


Tonography 
5.5 Gm. Weight 7.5 Gm. Weight AV;; ME AV; 
Case Constant Constant 
Pressure Regular Pressure Regular *t, 
1 RFE. 0.15 0.14 0.20 0.15 0.18 
L. F. 0.20 0.19 0.15 0.18 ? 
2 R. FE. 0.24 26 0.26 0.27 0.51 
L. E. 0.22 0.29 0.23 0.31 0.43 
3 R. E. 0.17 0.17 0.19 0.12 0.22 
L. E. 0.13 0.14 0.17 0.19 0.26 
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results obtained from two constant-pressure 
measurements is unsatisfactory and in part 
is due to the small difference between Pr 
and Pt; obtainable with present methods. 


The additional equipment and extra opera- 
tor required for the performance of con- 
stant-pressure tonography do not at present 
seem justified by the questionable refinement 
of results. The method is presented here 
for its theoretic interest and for its essential 
confirmation of ordinary tonography. 
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Summary 

The necessity of estimating or assuming 
a value for scleral rigidity in tonography 
can be eliminated if the intraocular pressure 
be kept constant during tonography. 

A method of keeping the intraocular pres- 
sure constant by adding weight to the 
tonometer plunger in proportion to the scale 
reading is described. 


Department of Ophthalmology, 640 S. Kings- 
highway (10). 
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Operating Room Gonioscopy in Angle-Closure 


Glaucoma Surgery 


ROBERT N. SHAFFER, M.D., San Francisco 


It is now generally accepted that iridec- 
tomy is the most logical, the most effective, 
and the safest operation for the control of 
angle-closure glaucoma. Unfortunately, it 
is meffective if the anterior chamber angles 
are occluded by permanent peripheral an- 
terior synechias. The purpose of this paper 
is to present a technique for determining the 
presence or absence of synechias at the time 
of surgery. 

When tension can be restored to normal 
by medical means within 12 hours in angle- 
closure glaucoma, conventional presurgical 
diagnostic methods can be employed. If 
gonioscopy shows that the angle has opened, 
one can be confident that iridectomy will be 
curative. If the angle still seems to be 
blocked, it is probable that the synechias are 
permanent and that the low tension is on the 
basis of suppression of aqueous production. 
This assumption can be proved or disproved 
by tonography. If the coefficient of aqueous 
outflow is high, the outflow channels must 
be patent, and it is probable that iridectomy 
will be successful. 

When tension does not drop to normal, 
however, it is impossible to know if iris is 
permanently attached to the trabeculum or 
if it is only pressed against it. It is quite 
possible for permanent peripheral anterior 
synechias to form in an eye which has never 
had an attack of angle-closure glaucoma. 
Conversely, it is also possible for an eye to 
lose most of its vision from a chronic nar- 
row angle glaucoma and yet to have the 
angle open almost completely following a 
simple iridectomy. Therefore, it is im- 
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possible dogmatically to assume the presence 
or absence of peripheral anterior synechias 
by the duration of the angle closure. 


In the past a filtering procedure has been 
advised if the tension in an acute attack 
has been elevated over 36 hours or if there 
has been any history of previous tension 
elevations. Such advice may be correct in 
the majority of cases. Unfortunately, the 
possibility of complications and the prob- 
ability of decrease in vision is considerably 
increased by any of the external fistulizing 
operations. It is far better to employ iridec- 
tomy and the normal outflow channels if 
this is at all possible. This is the problem 
which has led to the adoption of gonioscopy 
in the operating room to enable the surgeon 
to make a logical decision. 


In the glaucoma clinic at the University 
of California Medical School the following 
procedure is being followed in all cases of 
angle-closure glaucoma. First, a determined 
effort is made to bring down the tension by 
miotics, acetazolamide (Diamox), retrobul- 
bar injections of procaine, etc. If the tension 
is falling rapidly after four hours, the medi- 
cal regimen is continued. If pressure is nor- 
malized, surgery may be delayed one to two 
days to permit the eye to quiet down and to 
allow gonioscopy and tonography. If ten- 
sion is not normalized, surgery is done 
within 12 hours. 


At the time of surgery a beveled corneal 
paracentesis is made in the lower third of the 
cornea, with a Wheeler or Grieshaber knife- 
needle, so that the anterior chamber can 
certainly be re-formed postoperatively. A 
routine ab externo peripheral iridectomy is 
performed, following the technique of Haas 
and Scheie! After the iris is reposited 


* 
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Fig. 1—Peripheral iridectomy performed. 


with a stream of saline from an anterior 
chamber irrigator, the first half of a 
surgeon’s knot is tied in the McLean suture 
and tightened. Usually the anterior cham- 
ber will have been filled by the irrigation. 
If the chamber has not formed, saline is in- 
jected through the corneal paracentesis. 

A sterile glass Koeppe diagnostic contact 
lens is then placed over the eye and filled 
with saline. The surgeon now drops out of 
the sterile set-up to examine the eye gonio- 
scopically with a Barkan hand illuminator 


Fig. 3.—Incision closed. Chamber re-formed if 
necessary. 


Fig. 2—McLean suture with the first loop of a 
surgeon’s knot. Beveled corneal incision for re- 
forming chamber previously prepared. 


and a corneal microscope. The latter is best 
supported on a stand, but it may be hand- 
held if equipment is not available? The 
surgeon can now see the angles of the an- 
terior chamber and tell at once whether or 
not peripheral anterior synechias are pres- 
ent. If the iris has dropped free of the 
trabeculum, the assistant completes the tie 
of the McLean suture, closes the conjunc- 
tiva, and dresses the eye. The patient is 
almost surely cured. 

If the surgeon sees that extensive anterior 
synechias are present, several courses are 
open. A synechialysis, as suggested by Dr. 
Paul Chandler,> may be effective. A 
spatula is passed into the chamber through 
the original incision, and the synechias are 
dialyzed. This is useful if the synechias are 
in the upper half of the eye. It is difficult to 
reach the lower angle without possible dam- 


Fig. 4.—Gonioscopy, showing cutaway drawing 
of closed angle. 
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Fig. h:tekenie, showing degree of open- 
ing of angle after iridectomy if no anterior 
synechias are present. 


Fig. 7—-Cyclodialysis near spur to free 
angle of synechias. 


age to the iris and the lens. After reforma- 
tion of the anterior chamber, the gonioscopy 
is repeated. Sometimes the synechias are 
still present, as the spatula may merely turn 
the iris under without actually freeing it 
from the trabeculum. When this occurs, 


_ Fig. 8—Relation of cyclodialysis incision to 
iridectomy incision. 


Fig. after showing 
permanent anterior synechias. 


an inverse cyclodialysis is indicated. This 
can be done through the original incision, 
but | prefer to make a second incision just 
behind the spur and do a routine inverse 
cyclodialysis so that the spatula can be 
brought into a formed chamber, thus avoid- 
ing damage to Descemet’s membrane. Bleed- 
ing is avoided by keeping the spatula 
close to the spur and by restoring the intra- 
ocular pressure by saline injection as soon 
as the dialysis is completed. Even though 
a suprachoroidal cleft is not formed, the 
stripping away of the iris may give sufficient 
functioning angle to maintain normal pres- 
sures in the future. Miotic drops are often 
needed because of the damage done to the 
trabeculum when the iris has been in apposi- 
tion with it for any length of time. 


For the surgeon who prefers external 
filtration when peripheral anterior synechias 
are present, it is possible to convert the 
iridectomy into an iridencleisis by removing 
the McLean suture and incarcerating a pillar 
of iris after cutting the sphincter. If this 
is contemplated, a large conjunctival flap 
should be prepared before the iridectomy is 
started. I prefer to reserve iridencleisis for 


Fig. 9.—Gonioscopy after single-sweep cyclo- 
dialysis. Peripheral anterior synechias still present 
on side. 
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those cases in which the procedures men- 
tioned before have failed. 


Postoperatively there is a strong tend- 
ency for posterior synechias to form. It is 
most important to dilate the pupil once a 
day for the first week or two. Phenylephrine 
(Neo-Synephrine), 10%, should be tried 
first, but use of atropine should not be de- 
layed if dilation is not achieved. Despite the 
fears of some ophthalmologists, there is no 
danger of a rise in tension if a patent iridec- 
tomy is present. 

In only two instances was it impossible 
to obtain a sufficiently clear view at the time 
of surgery to be sure whether or not the 
angle was open. In one of these there had 
been a small hyphema from bleeding of the 
iris root. The aqueous remained sufficiently 
turbid to preclude gonioscopy. In another 

*Dr. Paul Chandler* has effectively modified 
this procedure by performing the gonioscopy be- 
fore the iridectomy. Through a bevelled corneal 
paracentesis, aqueous is completely evacuated, in- 
cluding that which has been trapped behind the 
iris. The anterior chamber is then reformed with 
saline and gonioscopy is done. The removal of 
posterior aqueous allows the iris to drop away from 


the trabeculum if permanent peripheral anterior 
synechias have not formed. 


there was marked corneal edema with wrin- 
kling of Descemet’s membrane which made 
gonioscopy difficult. In the other cases 
gonioscopy * was felt to be a distinct help. 


Summary 
It is well known that an iridectomy may 
be ineffective in curing angle-closure glau- 
coma if permanent peripheral anterior syn- 
echias are present. In the past the choice of 
surgery has been based empirically upon the 
history of previous acute attacks or on the 
duration of the present attack. It is sug- 
gested that gonioscopy provides a method 
by which the presence or absence of periph- 
eral anterior synechias can be determined 
on the operating table. A logical choice of 

surgery can then be made. 


490 Post St. (27). 
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Urinary Excretion of Citrate in Humans Following 
Administration of Acetazolamide (Diamox) 


ANWAR SHAH, M.D.; MARGUERITE A. CONSTANT, Ph.D., and BERNARD BECKER, M.D., St. Louis 


Citrate is excreted in comparatively large 
amounts in human urine, and its excretion 
varies with age, diet, sex, and other factors 
from 100 to 1500 mg. per day.’* It is lower 
in infants and children as compared with 
adults.%*7 Citrate excretion is decreased 
by acidosis (dietary, uremic, and dia- 
betic) and by testosterone administration.” 
It is increased in alkalosis! and by the 
administration of estrogens,'*> parathyroid 
and vitamin D.1*? 

Previous experimental and clinical studies 
have suggested that urinary citrate aids in 
the chelation of calcium into a soluble com- 
plex. Low citrate levels in the presence of 
normal calcium-phosphorous ratios may play 
a role in the formation of renal calculi.??* 
In addition, citrate therapy has been reported 
to have induced an apparent improvement 
in a case of nephrocalcinosis.”® 

In rats, acetazolamide administration has 
been observed to result in the deposition of 
calcium phosphate in the tubules and pelvis 
of the kidney.2* The experimental produc- 
tion of such lesions was accompanied by a 
marked decrease in urinary citrate excretion. 
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Ureteral colic has been reported in patients 
receiving acetazolamide for periods cf 
time.?7*! The increased use of this agent in 
glaucoma therapy has resulted in the recogni- 
tion of additional instances of this systemic 
side-effect. The recent observation of pa- 
tients presenting symptoms of ureteral colic 
while taking acetazolamide therapy for glau- 
coma stimulated the present study, designed 
to determine whether citrate excretion is 
diminished in humans following the ad- 
ministration of this drug. 


Methods 


The subjects in this series were (1) 10 
normal healthy volunteers, (2) 10 glaucoma 
patients taking long-term acetazolamide 
therapy, and (3) 20 glaucoma patients from 
the Washington University Glaucoma Clinic, 
10 of whom were taking long-term aceta- 
zolamide therapy and 10 of whom were 
receiving therapy other than acetazolamide. 
All subjects were ambulatory, and no special 
dietary restrictions were imposed. 

In the case of the 10 healthy volunteers, 
the 24-hour urinary citrate and calcium ex- 
cretions were determined in control periods 
and immediately after the administration of 
a single oral dose of 250 mg. of acetazolam- 
ide. When the experiment was repeated in 
the same subject, an interval of one to three 
weeks was allowed between tests. A total of 
48 control and acetazolamide collections of 
24-hour urine specimens were thus obtained 
for comparison. In four of these the citrate 
content of each voiding was also determined, 
in order to learn about the duration of effect 
of acetazolamide. For the 10 patients re- 
ceiving long-term acetazolamide therapy, 24- 
hour urinary citrate values were measured 
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TABLE 1.—Twenty-Four-Hour Uri 


Excretion of Citrate and Calcium in Normal 


Humans: Effect of Acetazolamide * 


Control Periods 


After Acetazolamide 


olume, itrate, itrate, Decrease, 
Hr. Mg./24Hr. Mg./24 ir. M1./24 Tir. Mg./24 Hr. Mg./24 ir. 
1 35 Ww M 910 850 39 1,050 277 32 67 
1,200 696 27 1,400 193 51 72 
1,100 563 50 2,010 266 47 53 
1,280 786 35 1,850 185 42 76 
2 40 WwW M 910 437 2 975 95 18 70 
2,150 345 80 2,720 70 50 80 
2,000 600 47 2,150 55 60 91 
3 35 Ww F 1,150 846 89 1,800 360 62 57 
800 845 110 1,300 286 128 67 
950 665 104 1,250 385 101 59 
4 30 Ww M 1,425 722 58 2,100 399 95 45 
1,440 750 390 1,440 387 321 48 
1,200 556 91 1,500 360 110 35 
5 29 Ww M 1,625 272 70 1,750 104 56 62 
1,725 293 49 1,950 103 41 65 
1,200 156 112 1,400 87 120 45 
6 22 Ww M 1,450 323 90 1,900 143 104 56 
1,800 465 237 2,000 132 186 71 
1,200 620 232 1,800 151 250 76 
7 22 w F 1,500 323 150 1,600 138 130 57 
1,100 330 165 1,750 148 210 55 
8 27 Ww F 1,130 158 443 1,700 72 208 55 
9 19 Ww F 730 422 18 740 115 20 70 
10 20 Ww F 600 75 35 510 40 25 46 
Mean 1,275 504 114 1,610 190 103 62413 
* Single oral dose of 250 mg. 


on six occasions in one, three times in 
another, and once in each of the remaining 
eight. In the 20 glaucoma clinic patients the 
urinary citrate and calcium excretions were 
determined on random single urine speci- 
mens voided at the time of their clinic 
visit (2 p.m.). 

Citrate in urine was determined by the 
method of Ettinger et al.,** and calcium, by 
the method of Carr and Frank.** 


Results 


In Table 1 are summarized the urinary 
citrate and calcium excretion data obtained 
both before and after the administration of 
250 mg. of acetazolamide in the 10 healthy 
volunteers on 48 separate occasions. In the 
control periods the 24-hour urine citrate 
excretion varied from 75 to 850 mg/24 
hours, with an average of 504 mg/24 hours. 
The urinary calcium excretion ranged from 
18 to 443 mg/24 hours, with a mean of 
114 mg/24 hours. After a single dose of 
250 mg. of acetazolamide the same subjects 
excreted from 40 to 399 mg. in their 24 
hour urine specimens, averaging 190 mg/24 
hours. This fall proved to be a statistically 
significant alteration. The urinary calcium 
excretion varied from 20 to 321 mg/24 


Shah et al. 


hours, with an average of 103 mg/24 hours. 
In each of the 10 subjects on all 24 oc- 
casions the daily urinary citrate excretion 
was decreased after acetazolamide. The 
diminution varied from 35% to 91%, with 
an average decline of 62+13% (S.D.). 
The urinary calcium excretion was not al- 
tered consistently or significantly. 

When the citrate concentration of each 
voiding was followed in four subjects after 
250 mg. of acetazolamide by mouth, the 
citrate excretion was found to be lowest 15 
hours after administration of acetazolamide 
in each case. In one subject the citrate 
concentration had returned to normal after 
22 hours, and in another, after 36 hours. 
In the third and fourth subjects the citrate 
levels were still somewhat depressed 37 
hours and 80 hours after the single dose 
of acetazolamide. 

Table 2 presents the urinary citrate ex- 
cretion data obtained for the 10 patients 
receiving long-term acetazolamide therapy 
(250 mg. every 6 hours for 27 to 42 
months). The citrate excretion during 
therapy in this group fell in the range of 6 
to 75 mg/24 hours, with a mean value of 
37 mg/24 hours. This is a highly significant 
difference from the normal output and much 
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TABLE 2.—Twenty-Four-Hour Urinary Excretion o 
Taking Long-Term Acetazolami 
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Citrate in Glaucoma Patients 
e Therapy * 


Duration of 
Acetazolamide 
Therapy, Mo. 
65 M 27 


Subject Age, Yr. Race Sex 


= 

RENSBSSE 


Mean 
Mean without subjects 11 and 12 


Urine Volume, Ch 
M1./24 Hr. Hr. 


Calcium, 
Mg./24 Hr. 


: 


Dosage, 250 mg. 
+t Symptoms of 


below the citrate excretion following single 
250 mg. doses. It is of interest to note that 
the two patients (Subjects 11 and 12) who 
presented symptoms of ureteral colic had 
extremely low citrate levels in their urines 
but did not differ significantly from some 
of the eight symptom-free members of the 
chronic series. Furthermore, in the two 
patients with colic calcium excretion tended 
to be in the normal range. 


TABLE 3.—Urinary Excretion of Citrate in 
Glaucoma Clinic Patients: Comparison 
of Long-Term Acetazolamide Therapy 

Plus Miotics 2 Miotic Therapy 


Duration of Citrate, Calcium, 
Acetazolamide Mg./100 
Therapy, Mo. Ce. 


Subject Ag, Race Sex 


15 


10 

“4 

7 15 
7 9 
6 4 
4 16 
2 10 
2 il 
1 5 
1 10 
6 10 
+4 


De 


i 
: 


In Table 3 the urinary citrate and calcium 
excretion in single random urine specimens 
obtained from 20 glaucoma clinic patients 
are presented. Ten of these patients had 
been receiving acetazolamide therapy for 
1 to 18 months in addition to miotics, and 
the other 10 were using miotics alone. In 
the urine of patients receiving long-term 
acetazolamide therapy the citrate concen- 
trations varied from 4 to 16 mg/100 cc., 
with a mean value of 10+4 mg/100 cc. 
(S.D.). The calcium in the urine ranged 
from 3 to 28 mg/100 cc., averaging 17+7 
mg/100 cc. (S. D.). In the urine of patients 
receiving therapy other than acetazolamide 
the citrate concentrations fell between 26 
and 100 mg/100 cc., with an average excre- 
tion of 60225 mg/100 cc. (S. D.), and the 
calcium excretion varied from 2 to 39 
mg/100 cc., with a mean of 17+12 mg/100 
ce. (S.D.). There was thus a sharp and 
statistically significant differentiation of the 
two populations on the basis of citrate ex- 
cretion. On the other hand, the average 
calcium excretion was approximately the 
same in the two groups of patients. 


Comment 


Following acetazolamide administration a 
significant depression of urinary citrate ex- 
cretion without a corresponding depression 
of calcium excretion appears to occur uni- 
formly in all patients tested. These findings 
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in man are in agreement with those reported 
by Harrison and Harrison ** in rats. Gordon 
and Sheps ** have observed independently 
a similar decrease in urinary citrate excre- 
tion after acetazolamide administration. No 
significant alterations in serum citrate levels 
were noted. The mechanism of the de- 
pressed citrate output by the kidney remains 
unknown. More information is needed as to 
the effects of acetazolamide upon citrate 
clearance by the kidney. The possibility 
exists of such induced alterations in renal 
citrate metabolism as are found after vitamin 
D administration.** The role of decreased 
citrate in the urine in the formation of renal 
calculi as a complication of acetazolamide 
therapy presents interesting opportunities 
for speculation and further study. 


Summary 

Total daily excretion of citrate and cal- 
cium was studied in 10 subjects on 24 dif- 
ferent occasions, both without treatment and 
after the oral administration of 250 mg. of 
acetazolamide. In each patient there was a 
decrease in citrate output averaging 62+ 
13%, without a corresponding diminution 
in calcium excretion. The urinary output of 
citrate was even lower in patients on long- 
term (27 to 42 months) around-the-clock 
acetazolamide therapy (250 mg. every 6 
hours), averaging 10% to 15% of normal 
values both on random samples and on 24- 
hour excretions. In two persons with re- 
current ureteral colic who were taking 
acetazolamide, citrate excretion was marked- 
ly depressed, without corresponding decrease 
in the excretion of calcium. However, re- 
peated determinations on these two patients 
failed to reveal significant differences in 
urinary citrate values as compared with the 
diminished citrate excretion of symptom-free 
glaucoma patients on similar long-term 
acetazolamide therapy. 
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Differential Threshold Measurements on the Light 


Reflex of the Human Pupil 


N. M. J. SCHWEITZER, M.D., and M. A. BOUMAN, Ph.D., Soesterberg, Netherlands 


1. Introduction 


Before discussing the threshold of the 
pupil reflex, it seems necessary to state that 
its value depends mainly on intrinsic quali- 
ties of the individual nervous system and, in 
some degree, on the mechanical properties 
of the iris tissue. 

We know very little about those nervous 
factors, but it is a fact, common to the 
clinician and confirmed by experiments, that 
some persons require a much higher energy 
of light to respond with a contraction of 
their pupils than do others, while in abnor- 
mal circumstances, as, for example, in 
Adie’s syndrome, the insensitivity of the 
pupil to light stimulation is pathognomonic. 

As to the iris tissue, it seems probable 
that the amplitude of contraction and there- 
fore its apparent threshold is smaller in old 
than in young persons at any given amount 
of stimulation, owing to sclerotic changes 
in the mesodermal tissue layers of the iris. 


It is evident that a quantitative knowledge 
about the sensitivity of the pupils might be 
important in the diagnosis of neurological 
diseases, and, under certain circumstances, 
we certainly would be glad to know whether 
the sensitivity of the pupillary system has 
changed after an accident or during illness, 
whether it is the same as measured on the 
left or on the right eye, and how it is dis- 
tributed over the retina in cases of hemi- 
anopsia, where the absence or presence of 
hemiakinesia may assist in locating the le- 
sion. 
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However, before even entering these sub- 
jects, it is necessary to investigate first how 
variations of the stimulating light source 
affect the reflex threshold. 

In a previous article’ one of us (N. M. 
J. S.) has dealt with the absolute threshold 
of the light reflex. The experiments were 
concerned with the dark-adapted eye, to 
which flashes were presented, which were 
variable as to brightness, area, wavelength, 
and duration, while their distance from the 
fixation point could be changed as well. 

Summarizing the results, we found that 
the threshold for the pupil reflex is mainly 
determined by the product of area and 
brightness of the stimulus source, apart 
from the sensitivity of the subject’s pupil- 
lary mechanism. Thus, the total amount 
of light reaching the retina adds up to evoke 
the reflex, and the threshold can be reached 
by a small and bright source as well as by 
a large and dim one. 

From this, it immediately follows that 
there exists no definite relationship between 
the brightness required to obtain a certain 
sensation of perception and the brightness 
required to get a contraction of the pupils. 
We shall explain this in some detail. 

In the case of seeing, for most practical 
purposes, Piper’s law holds; that is, the 
sensation is determined by the product of 
brightness of the source and the square root 
of its area. 

In the case of the pupil reflex, as we 
stated already, the product of brightness 
and area is the all-important factor. 

If for some person we plot the brightness 
required to get a just perceptible sensation 
against the area of a uniformly illuminated 
source, we will find a curve like the drawn 
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Fig. 1—Schematic drawing, showing the bright- 
ness of a flash required so that it can be seen 
(drawn line) and so that it evokes a contraction of 
the pupils (dotted line) as a function of the area 
of a test field. 


one in Figure 1, where the steeper slope in 
the left-hand part of the curve, valid only 
for very small areas, does not concern us 
now. 

For small areas of a test flash, a higher 
brightness is required to obtain a contraction 
of the pupil (dotted line) than is necessary 
for the seeing of the light. But as the slope 
of this latter curve, corresponding to 
the formula brightness Xarea=constant, is 
steeper, it approaches the curve for seeing, 
and it would intersect that curve at some 
large area, if it finally did not bend. Indeed, 
if very large areas such as hemispheres are 
used for stimulation it appears that both 
curves have coincided: The same brightness 
which is just perceptible gives rise to a 
contraction of the pupil. In all instances, 
therefore, the light has to be perceived 
before it can affect the pupil. The fact that 
the pupil reflex, as it were, adds up all light 
reaching the retina is called unlimited 
spatial summation. In the case of percep- 
tion, we speak of summation restricted to 
a certain area. 

As to the other variables in the stimulus 
source, they all exert the same influence on 
the pupil reflex as they do on the mechanism 
of seeing. For both, a longer duration of 
the flashes presented allows for a reciprocal 
decrease of brightness required, up to a 
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duration of one-tenth of a second. For 
longer durations the time factor becomes less 
important, in an identical way for both 
systems. 

For both systems also, the wavelength of 
the stimulus source shows the existence of 
a maximum of sensitivity at about 510 mp 
in the dark-adapted eye, thus showing that 
the rods, or at least rod-like cells, can act 
as active receptors, and as to the location of 
the stimulus on the retina, though this has 
not yet been investigated in full detail, it 
was shown that in the dark-adapted eye a 
relative scotoma exists for green light in 
the macular area for the pupil reflex as well 
as for perception (Arago scotoma). In the 
same way, the optic disc could be shown 
to be a blind spot for the pupil mechanism 
too, 

To state things clearly, we should like 
to stress the point, as did Harms,” that, 
unless we work with light sources which are 
so dim as to be really at the threshold of 
the reflex, we do not find the blind spot, 
nor, by the way, do we find the central 
scotoma mentioned, because with brighter 
sources the stray light on the surrounding 
retina adds up to an effective level. This 
also explains why the blind spot, investi- 
gated by pupilloperimetric methods, shows 
no absolute scotoma, but a relative one only. 

The measurements, summarized in the 
foregoing, have all been performed on the 
dark-adapted eye, and they concern absolute 
thresholds only. For two reasons it seemed 
worth while to extend them to the eye while 
it is adapted to certain colors and bright- 
nesses. Not only did we thereby hope to get 
some more information on the action of the 
pupillomotor apparatus but, as it had ap- 
peared that the work in absolute darkness 
with the aid of an infrared image converter 
would not be compatible with clinical trials 
on a larger scale, we also wanted to try 
other methods of investigation. Though the 
latter problem has not yet been solved in 
detail, the present data open the way to an 
interpretation of reflex data obtained by 
direct visualization of the pupil. 
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2. Investigations on the Differential 
Threshold of the Pupil Reflex 

Methods.—In the determination of a dif- 
ferential threshold, the retina, or a part 
of it, is, by definition, adapted to a certain 
brightness, which will be called B. 

On this adaption field a test spot is super- 
imposed, the brightness of which we call 
AB. The brightness of the test spot at the 
threshold of perception is called ABpere., and 
if the test spot is just bright enough to give 
rise to a contraction of the pupils, its bright- 
ness is noted as ABpupn. 

In all these experiments we worked with 
the aid of an artificial pupil, through which 
the test light and the light from the adapta- 
tion source reach the eye. Otherwise the 
pupil, screening off part of the light which 
falls on the eye, would show oscillations 
caused by its regulating the amount of light 
which falls on the retina. With an artificial 
pupil, however, no pupillary unrest can be 
noted. 

The Apparatus: Through an artificial 
pupil (1 mm. in diameter) the subject 
looked with his right eye at a fixation light, 
and at the same time he was aware of an 
illuminated circular background, the diam- 
eter of which was always 8 degrees (except 
in the experiments described in Part III). 
The fixation light could be superimposed 
on the center of the background, and in that 
case it had the form of a cross, the center 
of which was dark, so that the foveal func- 
tions could be investigated. In other in- 
stances and in most of the experiments 
reported here, the fixation light, one dim 
point source, was presented 9 degrees nasal 
to the center of the background, so that a 
distance of 5 degrees existed between this 
light and the border of the background. On 
the center of this background, the bright- 
ness and color of which were variable, a 
test spot could be superimposed. 

The duration of the test flash was one- 
tenth second, and its frequency, once in 
every three seconds. Its diameter could be 
varied between % and 8 degrees; in the 
latter case it covered the background of 8 
degrees entirely. 
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DIFFERENTIAL THRESHOLD MEASUREMENTS ON LIGHT REFLEX 


The brightness of the background and of 
the test flash could be varied separately and 
quantitatively by controlling the current 
through two ribbon filament lamps. By 
means of Planck’s tables and the calibration 
reports of the lamps, their relative emission 
at any wavelength can be calculated. Cali- 
brated neutral filters were used to extend 
the range of brightness. The slits of a 
double monochromator determined the wave- 
lengths of background and flash. 

A dimly illuminated white cardboard ring 
at a suitable location assisted in keeping 
the optical axis of the eye in alignment with 
the axis of the illuminating system, thus 
preventing errors in the measurements due 
to the Stiles-Crawford effect. The pupil 
reflex was observed on the left eye. 

We called the threshold for perception 
(AByere.) the brightness of the test flash 
which could be perceived in 60% of the cases 
in which it was presented. Similarly, the 
threshold for the pupil reflex (ABpupn) was 
determined by observing through an infra- 
red image converter the number of contrac- 
tions of the pupil at different brightnesses 
of the flash. The threshold was reached at 
the brightness where 60% of the flashes 
resulted in a contraction. 

In fact, we always observed the pupil of 
the nonstimulated (left) eye, as the other 
one was hidden by the screen with the sten- 
opeic hole, which served as an artificial 
pupil. 

Therefore the consensual reflex was meas- 
ured rather than the direct one, but the 
investigations of Loewenstein, showing the 
similarity of the two reflexes as to speed 
and amplitude, seem to justify this proce- 
dure. 

Though the use of an image converter 
is probably the most delicate method in 
obtaining thresholds for the pupil reflex, 
it requires many adjustments of the observ- 
ing system and therefore it is rather time- 
consuming. Also, the observer gets tired 
very soon. 

That is the reason why we tried another 
procedure, based on the old principle of the 
entoptic image of the pupil. 
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If a point source of light is placed at a 
short distance before the cornea, well within 
the near point of the eye, a circular patch 
of light will be projected on the retina, the 
diameter of which is determined by the di- 
ameter of the pupil. This method is easy 
to demonstrate if one looks through a pin- 
hole in a piece of paper at the sky, covering 
and uncovering the other eye and thus mak- 
ing the pupils move. 

If we wanted to use this method, two 
preliminary investigations had to be per- 
formed. 

1. It had to be established whether a 
steady illumination of the eye, observing its 
own pupil, changed the threshold of the 
pupil reaction in the other eye. 

This appeared not to be the case, even if 
an extremely bright light directed into one 
eye contracted both pupils continuously to 
3.5 mm. (adapting field 20 degrees, 200,000 
times brighter than its own absolute thresh- 
old). It is a remarkable fact that the sensi- 
tivity of the reflex seems not to be affected 
by the state of adaptation and stimulus 
conditions of the other eye or the diameter 
of the pupils. We have extended these 
measurements by presenting to the left eye 
a large and very bright field in which a pair 
of cross wires were exposed. (This was 
done, making use of a Maxwellian view, in 
such a way that contractions of the left pupil 
could not interfere with the brightness of 
the field presented.) 

These could be brought to fusion with a 
similar pair of cross wires in the center of 
the variable background. 


The differential thresholds thus obtained 
for perception and for the pupil reflex ap- 
peared not to be affected to any appreciable 
degree by the brightness of the field pre- 
sented to the left eye. 

2. The entoptic method had to be com- 
pared with the method of direct observation 
through the infrared converter. 

Comparative measurements, done with 
both methods, showed a substantial agree- 
ment of results. In a large part of the meas- 
urements we therefore abandoned the 
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infrared converter in favor of the entoptic 
observation of the pupil. 

We made use of two small holes, sepa- 
rated by 2 mm. and placed at about 2 cm. 
from the cornea. Both were dimly illumi- 
nated. In this way small contractions of 
the pupil can be observed with greater ease. 

All the results given in this article have 
been obtained on the eyes of one of us 
(M. A. B.), though the general shape of 
almost every curve has been checked on 
other subjects as well. 

Results —I. The Law of Reciprocity of 
Brightness and Area of the Test Flash with 
Regard to the Pupil: The law of reciprocity 


7 
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Flash, Background both A=525 mp — 


Diameter Flash 
Fig. 2—ABpere. (drawn lines) and ABpupir 
(dotted lines) as a function of the diameter of 
a green test flash for four different brightness 
levels of a green background. At each background 
brightness different symbols are used, simple ones 
for the ABpere. values (linked by drawn lines) 
and encircled ones for ABpupi: (linked by dotted 
lines). B=4.10? corresponds to a background 
brightness 400 times its own threshold of percep- 


tion. Presentation on the retina was 9 degrees 
nasal to the fovea. 
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of brightness and area of the test flash with 
regard to the pupil reflex has been verified 
in the four possible combinations of red 
(A=650 mp) and green (A=525 mp) 
flashes on red and green backgrounds of 
variable brightness. 

Figures 2 and 3 present the data obtained 
for green flashes on a green background 
and for red flashes on a green background, 
respectively. The presentation on the retina 
was 9 degrees nasal to the fovea. 

From these Figures it will be seen that the 
values for AByupu all lay on straight lines, 
corresponding to the following formula: 

AByupis Xarea of test flash—=C 

The values for AByere., on the other hand, 
lay on rather complex curves, the course of 
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Fig. 3—ABpere. and Byops: for a red flash 
on a green background for two different brightness 
levels of the background, which was just perceptible 
(B=1.0) in the lower set of curves and 6.5<10° 
times above its own threshold in the upper one. 
Drawn lines and symbols stand for ABpere.. Dotted 
lines and encircled symbols stand for ABpupii. 
Presentation on the retina was 9 degrees nasal to 
the fovea. 
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which is affected by the background bright- 
ness. 

Furthermore, it may be remarked that at 
any diameter of the test spot the fraction 


ae is a constant, regardless of the back- 
ground brightness. 

Similar results were obtained in other 
experiments, where red flashes were used 
on green and red backgrounds. 

Some discrepancy of the general law 
could be observed only in those instances 
where the background brightness was very 
high, as is seen in the two upper sets of 
curves of Figure 2. There, the slope of the 
ABpupu curve tends to level off for areas of 
the test spot larger than 4 degrees, and the 
same phenomenon may be expected to hap- 
pen for smaller background brightnesses 
and larger areas of the test spot than we 
have actually used. Evidently, the ratio 
a cannot fall below a certain value, or, 
stated otherwise, the discrimination value 
ABpere. has always to be exceeded by a 
minimal amount before it evokes a contrac- 
tion of the pupils. 

This behavior may be compared with that 
of the absolute threshold of the pupil reflex, 
mentioned in the introduction, where we 
said that the threshold for the pupil reflex 
always exceeds the threshold of visibility, 
so that a pupil contraction never occurs 
without the flash having been perceived. 

The results obtained by presenting red 
flashes on a red background or by presenting 
green flashes on a red background are not 
given in detail, as they are identical to those 
of Figures 2 and 3. 

The relationship between area of test spot 
and background brightness has also been 
investigated for the foveal region. 

In this instance, the situation is some- 
what more complicated, as, with increasing 
areas of the test spot, regions of different 
retinal sensitivity are stimulated, especially 
so if green test flashes are used. 

The irregular curves obtained in that way 
are shown in Figure 4, where the results 
are plotted for a green test flash on a dark 
background. The increase of sensitivity of 
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Fig. 4—Bpapi1 (drawn line) and Bpere. (dotted 


line) as a function of the diameter of a green test 
flash; absolute thresholds. Foveal presentation. 


the visual system at diameters of the test 
spot between 2 and 4 degrees is very great; 
that of the pupillary system seems less dra- 
matic, and it begins at smaller areas, but 
no conclusions can be drawn from these 
data, as we do not know how the curve for 
the pupil reflex is affected by the nearness 
of the curve for perception. 

II. The Ratio Between Visual and Pupil 
Reflex Thresholds with Increasing Back- 
ground Brightness: In the following para- 
graph we shall see how the pupil reflex 
threshold and the visual threshold depend 
on the brightness of the background. 

The same combinations of red and green 
flashes on red and green backgrounds as 
mentioned previously were used in this 
series of experiments. 

(a) Green flashes on a green background. 
The results are given in Figure 5. 

The parallelism between the corresponding 
curves for the reflex and for perception is 
evident, and we therefore are allowed to 
conclude that the pupil reflex threshold is 
affected here in the same way as is the 
threshold for perception. 
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Fig. 5—The variation of ABpere. (drawn lines) 
and ABpupi: (dotted lines) with increasing back- 
ground brightness, B, for green test flashes on a 

background. Diameters of test field were 
5 and 8 degrees. B=10 stands for just 
perceptible brightness of the background. Presenta- 
tion was 9 degrees nasal to the fovea. 
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Fig. 6—The variation of AByere. (drawn line) 


and ABpupi1 (dotted line) with increasing back- 
ground brightness, B, for red flashes on a red 
background. Diameter of test field, 1 d 

stands for just perceptible bright- 


ness of the background. The ratio = actually 


was 100 instead of 10, as shown oon ” Presenta- 
tion was 9 degrees nasal to the fovea. 
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Fig. 7.—The variation of ABpyere. (drawn line) 
and ABpupi1 (dotted line) as a function of the back- 
ground brightness, B, for red flashes on a green 
background. Diameter of test field, 1 degree. 
B=10 stands for just perceptible bright- 
ness of the background. Presentation was 9 degrees 
nasal to the fovea. 


(b) In Figure 6 similar results are given 
for the case that red flashes are used on a 
red background. Again we find a parallelism 
between pupil reflex curve and that for 
perception, while the slope of both curves 
corresponds to that given in Figure 5 for 
green flashes on green backgrounds. 

In the following Figures we will see what 
happens if the color of the test field and 
that of the background are not identical. 

(c) The first combination is that where 
red flashes are used on a green background 
(Fig. 7). Here the effect of the brightness 
of the background on the respective thresh- 
olds is very small indeed. It appears only 
after the background brightness has been 
increased about 7000 times above its own 
threshold. 


Bouman ® has discussed in detail this phe- 
nomenon and others, concerning the same, 
though smaller, types of stimuli and back- 
ground. 

As to the behavior of the pupil reflex, 
however, it appears that here again the 
curves for ABpere, and ABpupu run practically 
parallel, though there is a slight tendency 
toward convergence at high brightness levels 
of the background. 

(d) This convergence becomes more evi- 
dent if we use the last of our four possible 
combinations, i. e., a green flash on a red 
background. This can be seen from Figure 
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Flash: }=525 mp: diometer: 3 
Background: my: diometer 8° 


Fig. 8—The variation of ABpere. (drawn line) 
and ABpupi: (dotted line) as a function of the back- 
ground brightness for green flashes on a red 
backgreund. B=10° stands for just per- 
ceptible brightness of the background. Presentation 
was 9 degrees nasal to the fovea. 


8. Here the ratio —Spet_decreases from 
100 at the lowest acageoeuil brightness to 
about 7 for the highest one. 

In comparing this set of curves with the 
one in Figure 6, for the same red flashes 
on a red background, we see that the general 
slope of the pupil threshold curve is the 
same in both instances, while the curve for 
the threshold of perception has changed its 
slope; it is much steeper in Figure 8. 

We can say that if green flashes are 
presented on a red background the pupil 
reflex becomes relatively more _ sensitive 
than the visual function as the background 
brightness increases. 

It is likely that this effect is due not so 
much to a change in the characteristics of 
the pupil mechanism as to some factor which 
depresses the ability of seeing, so that the 
visual threshold curve is forced to a steeper 
slope than otherwise would be the case, for 
example, with a green background or a low- 
intensity red one. 
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Fig. 9.—Visual (drawn lines) and pupillomotoric 


dotted lines) sensitivity of the eye for test 

ashes of varying wavelength presented on a 
background, 650 mpg. In the left-hand set of 
curves the brightness of the background was 10 
times its own visual threshold; for the right-hand 
set of curves the background brightness was 10,000 
times higher. The values on the ordinate are 
relative ones, the curves having been shifted along 
this axis at will. Presentation was 9 degrees nasal 
to the fovea. 


It is interesting to know the relationship 
between the wavelength of background and 
flash at which this phenomenon of conver- 
gence occurs in the most striking way. 


We investigated this for a red background 
only, using two different brightness levels, 
and varied the wavelength of the flash. The 
results are shown in Figure 9. In the left- 
hand set of curves the brightness of the 
background was only 10 times its own 
threshold of perception, and it is seen that 
in this instance the curves for the threshold 
of perception and for the threshold of the 
pupil reflex (the latter having been shifted 
downward to make comparison easier) run 
parallel. 

In the right-hand set, the brightness of 
the red background has been increased to 
10® times its own visual threshold, and now 
parallelism between the two curves is lost, 
their mutual distance being largest towards 
both ends of the spectrum, while somewhere 
about 540 mp they come nearest to each 
other (in this Figure the curves have been 
made to touch each other for the sake of 
comparison). 

This means that when a 540 my flash 
is used on a 650 mp background of high 
intensity the pupil reflex is most sensitive 
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as compared with all other wavelengths of 
the flash on a similar background. 

From the experiments of various colored 
flashes on a green background we have 
seen that a similar convergence occurs for 
red flashes, though here it is much smaller. 

In case the colors of background and 
flash are identical, a most rigid parallelism 
has always been found. 

We then tried yellow and blue flashes on 
blue and yellow backgrounds, respectively, 
investigating whether the pupil reflex be- 
came more sensitive than perception with 
increasing brightness of the background. In 
all these instances a straight parallelism be- 
tween the two functions was found as the 
brightness of the background increased. 

It therefore seems justified to summarize 
that the convergence effect, by which we un- 
derstand the phenomenon that the ratio be- 
tween the brightness of a flash of given 
size at the pupil reflex threshold and at the 
threshold of perception (ABpupu/AB pere.), de- 
creases with increasing brightness of the 
background and does occur only if green 
and red flashes are superimposed on red and 
green backgrounds, respectively, while it is 
probably most apparent if a green test flash 
of about 540 my wavelength is presented 
on a red background. 

III. The Ratio Between Brightness Con- 
tent of the Test Flash and the Energy 
Content of the Background: Using a test 
flash of a constant size and a background 
of a constant brightness, we can determine 
the brightness of the test flash required to 
give rise to perception and to a contraction 
of the pupils, respectively, as a function of 
the area of the background. 

The possible combinations have not yet 
been investigated in detail. In Figure 10, 
however, it can be seen what happens if a 
green flash is presented on a green back- 
ground, the size of the latter being increased 
from 0 to 8 degrees. 

From this and the foregoing experiments 


the general principle can be deduced with a 
fair security. 


Vol. 59, April, 1958 


q 
10 
' 
4 
R B-10; 4: 650 mp f B-100000; A 650 mp 
2 

‘ 

4 
10 

q 
3 


Flash: diameter 1/2degree, \S25mp 


Background 86.10%, 525my 


Diameter 
fe) 
10 L l l 


Fig. 10.—The brightness of a test flash, green, 
5 d in diameter, required for the visual 
threshold (drawn line) and the threshold of the 
pupil reflex (dotted line) as a function of the area 
of a green background, on which it was superim- 


As the size of the background increases 
the intensity of the flash has to be increased 
also. For the largest backgrounds a ratio of 
1:1 seems to exist between the increments 
of the two factors, but for the smaller-sized 
backgrounds the energy of the test flash rises 
more slowly than that of the background, 
the ratio being in the order of 1:0.4, or, 
stating this differently, we can say that the 
coefficient, k, giving the slope of the curve 
for large backgrounds probably is 1, but for 
the smaller backgrounds we find that 
k=0.65. 

This is in strong contrast to what happens 
with the visibility curve: Here the general 
tendency is that with increasing area of the 
background the energy of the flash required 
so that it can be perceived decreases slowly. 
It is, however, extremely low if no back- 
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ground is present at all and very difficult 
to determine if the size of background and 
test flash coincide, so that no contours can 
be perceived. The slow descent of the curve 
which follows thereon is caused by such 
effects as decreasing irradiation. 

Further experiments, in which the test 
flash was not superimposed on the back- 
ground but was presented some degrees 
above it, showed that the results can be 
compared with the curve for the pupil 
reflex given in Figure 10. 

Here also there exists a definite relation- 
ship between the size of the background 
and the energy content of the test flash. This 
fact implies the possibilities of investigating 
the effect of light flashes on the sensory 
mechanism of the eye, while circumventing 
the complications which arise from local 
adaptation and varying spatial summation. 


3. Comment 


From the foregoing experiments, notably 
those presented in Parts I and II, where a 
background of constant area was used, we 
can answer the question of whether a light 
flash of certain intensity and-area can evoke 
the pupil reflex. 

If only the energy content of the flash is 
high enough in relation to the brightness of 
the background, the latter being kept at con- 
stant size, the pupil will contract. That is, 
AE masn/Bpackgrouna = C, where C is a constant 
related to the sensitivity of the individual 
pupillary system and the mechanism of per- 
ception. 

From what is known about the effects of 
changing the area of the background (See 
Part III) it seems justifiable to put this 
formula in a more general way: 

AE nasn/E background = C 

Several exceptions, however, as to this 
general statement exist. 

Some of them are caused by the fact that 
the red- and the green-sensitive systems of 
the eye sometimes act independently of each 
other. This, for example, is the case in the 
combination of red flashes on a green back- 
ground (Fig. 7): For a considerable range 


549 


AB (Flesh) 
10” 
4 ¥ 
4 
4 
@- 
4 
4 
10 
4 
10° 
1 
5 
posed. 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


of increasing brightness levels of the back- 
ground the thresholds for both the pupil and 
perception are not affected by the brightness 
of the background at all. 

Other deviations of the general law are 
due to the fact that the pupillary mechanism 
cannot be excited unless the test flash has 
been perceived. This can be seen from the 
curves in Figures 2 and 3 and the drawing 
in Figure 1: For large test flashes the law of 
reciprocity of area and brightness, which 
is the same as that of equal energy content, 
expressed above, cannot hold. 

The phenomenon of convergence, men- 
tioned in Part II (d) and shown in Figure 
8, is an exception which is somewhat more 
difficult to explain. With the assumption 
that the green-sensitive system (rods) in- 
teracts over much larger areas than the red 
one (cones),* a response of the former 
could readily be suppressed by the latter 
system as it becomes more saturated. This 
would become apparent in a relative increase 
of the visual threshold with increasing 
brightness of the background. 

Independent of this kind of interaction, 
the mechanism which serves the pupil re- 
flex shows a much simpler behavior, ac- 
cording to the law of energy content which 
governs the light reflex of the pupil. 

Use of auto-observation made it possible 
to pass by the infrared image converter, 
while, on the other hand, the finding that 
the pupil reflex threshold in one eye is 
independent of the state of adaptation of the 
other eye offers a way of investigating the 
reflex threshold in other persons by a 
simpler method than those used until now. 
Some practical difficulties, inherent in direct 
hetero-observation, have been solved theo- 
retically at least. They will be discussed in 
another paper. 


4. Summary 
Unlike the laws which govern the thresh- 
old of perception, those which underlie the 
light-reflex system of the pupil can be sum- 
marized by stating that, with constant back- 
grounds, only the energy content of a light 
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flash determines whether a reflex action will 
take place. 

This is first shown in a number of ex- 
periments where the area of a test flash 
was the variable. Increase of the area allows 
for a reciprocal decrease in the brightness of 
the flash, on the condition that the flash 
remains perceptible. This effect of unre- 
stricted spatial summation is not affected by 
the simultaneous presentation of a_back- 
ground. 

The presence of a background, however, 
raises the pupillary threshold, an increase of 
its brightness increasing the threshold pro- 
portionally. This was verified for green and 
red flashes on green and red backgrounds 
and vice versa. Some exceptions, which are 
caused by the independence of the red- and 
the green-sensitive systems in the eye, are 
discussed. It appears that mutual interactions 
of these systems do not affect the pupil 
reflex threshold. 


Increasing the area of a background, while 
its brightness is kept constant, requires a 
proportional increase of the brightness of 
the test flash, at least for large backgrounds. 


Therefore, we conclude that the energy 
content of the flash in relation to that of the 
background determines whether a contrac- 
tion of the pupils will take place. 


Dr. Jac. P. Thijsselaan 23. 
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Cataract Wound Healing in the Rabbit Eye 


An Experimental Evaluation of the Effects of Antihistamines on Corneal 


Wound Healing 


VICTOR J. WEIL, M.D.; IRA ELISAOPH, M.D., and JOSEPH LAVAL, M.D., New York 


In the past several years, the role of 
histamine as the culprit accountable for the 
discomforts of inflammatory processes in 
general has been brought to light. There is 
an awareness of the association of anaphy- 
lactic and allergic reactions with histamine. 
It has been shown also that histamine, a 
product of the amino acid histadine, which 
is present in all complete protein, is released 
from tissue cells in many abnormal states, 
particularly trauma. There is, however, as 
yet, no definitely proven function of hista- 
mine in normal physiological states.? It is 
known that histamine causes a vasodilata- 
tion of the arterioles and capillaries, and 
with sufficient histamine release the perme- 
ability of the vessels is altered. The result 
is a transudation of plasma, protein, and 
fluid into the extracellular spaces, producing 
edema and inflammatory exudate about 
the blood vessels.2 The triple response 
of Lewis is a good example of local his- 
tamine release. This theory postulates 
that traumatic shock is the result of 
toxemia caused by release of histamine or 
histamine-like substances from the injured 
regions. It is believed that histamine is pres- 
ent in an inactive form in most tissue cells 
of the body and that it becomes effective only 
after damage or irritation of the cells. 

In 1955, in the Journal of Oral Surgery * 
there was a report of seven patients who 
had oral surgery and in whom studies of 
saliva were made for histamine content be- 
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fore and after surgery. The histamine con- 
tent was seen to rise from an average of 
169g. per liter before surgery to an average 
of 668ug. per liter after surgery. The same 
procedures were performed in another seven 
patients with use of an antihistamine pre- 
and postoperatively. This time, the histamine 
showed a rise from an average of 168yg. 
per liter to an average of only 26lyg. per 
liter. 

On the basis of the fact that histamine is 
released during surgical trauma, it was de- 
cided to determine whether the edema and 
inflammation promoted by histamine delays 
wound healing. In fact, in the past few 
years, there have been several reports, both 
clinical and experimental, of increased 
wound healing with the use of .antihista- 
mines, 

In 1951,* in a series of 100 cases of acci- 
dental trauma in which antihistaminic 
therapy was used as compared with another 
series of 100 cases in which it was not used, 
the observation was made that pain and 
edema were markedly decreased as was the 
general tissue reaction. 

In 1952, Silverman® reported that the 
antihistamines greatly improved the post- 
operative course following oral surgery. He 
stated that the great proportion of wounds 
healed by primary intention and that sec- 
ondary hemorrhage as a complication of 
surgery was not seen during the use of 
these drugs. Slough as a complication was 
virtually eliminated, and there was a great 
decrease in the incidence of swelling. 

In an experiment with a group of guinea 
pigs,® a standardized flank wound was in- 
flicted on the animals and the rate of healing 
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was measured daily and recorded. Two 
weeks later the same animals were wounded 
on the opposite flank, but this time anti- 
histamines were used pre- and postoper- 
atively. In the control group the average 
time for complete healing was 11.3 days, 
with a mean of 50% healing of 8.22 days. 
With the use of antihistamines, in the 
second group, the average number of days 
for complete healing was found to be 8.5, or 
2.8 days less than the control group, and the 
50% mean was 5.21 days, as compared with 
8.22 days in the control group. 


In view of these experimental findings 
and the clinical observations we decided to 
determine the effect of antihistamines on 
the healing of the cataract wound. I might 
add, at this point, that the antihistamines do 
not work by destroying histamine but in 
some manner absorb onto the cells and by an 
as yet undetermined mechanism prevent 
histamine from affecting cells in the usual 
manner. 

Our experiment consisted of making a 
corneolimbal section in rabbits with a kera- 
tome and enlarging the section with West- 
cott scissors to 8 mm. in length. We then 
irrigated the anterior chamber with sodium 
citrate, as there is an excess of fibrin in the 
rabbit aqueous and we did not want this to 
clot in the wound. A 000000 black non- 
absorbable surgical (silk) corneoscleral su- 
ture was placed at either end of the incision 
to appose the wound edges. The lids were 
then closed with silk mattress suture. The 
eyes were enucleated at intervals varying 
from 1 to 14 days postoperatively. 

Approximately three weeks later, the op- 
posite eye of each rabbit was operated upon 
in the same manner, with use of procaine 
crystalline penicillin G, 300,000 units intra- 
muscularly pre- and postoperatively, as had 
been used in the first group. In addition, 
Pyronil * a long-acting injectable antihista- 
mine, was given daily, pre- and postoper- 
atively, in the dosage of 10 mg. per 
kilogram, which is eight times that of the 


*Pyronil was supplied by Eli Lilly and Com- 
pany. 
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adult human dose in proportion to the body 
weight. Once again, the eyes were enucle- 
ated from 1 to 14 days postoperatively. The 
rabbit which had its eye enucleated on the 
first postoperative day in the control group 
had its fellow-eye enucleated on the first 
postoperative day in the second group, and 
so on. In this way, we hoped to compare 
histologically two eyes from the same ani- 
mal which had had the same operative pro- 
cedure and medication except for the 
addition of the antihistamine. 


Technically, the procedure is difficult on 
rabbits, for there is a great tendency of the 
iris to prolapse and an iridectomy cannot 
easily be performed because of the tremen- 
dous hemorrhage induced. We first tried to 
test wounds by forcing them apart. We did 
this by inserting a 27-gauge needle at the 
limbus into the anterior chamber and in- 
jecting air into the chamber via this needle, 
which was connected to a mercury manom- 
eter so as to measure the pressure at which 
the wound might burst. However, in many 
cases we were unable to force the wound 
apart, even at a pressure of 300 mm.Hg, 
and had to abandon this method. 

We should like to comment on the clinical 
appearance of the two sets of eyes: In the 
control group the amount of reaction ob- 
served was minimal, with no evidence of 
frank prolapse. There was no discernible 
gross infection, and the tissue reactions ap- 
peared minimal as well, despite the fact that 
the rabbits were extremely active and 
pugnacious toward each other. In no case 
did the corneoscleral suture slough out. In 
the second series, despite the fact that the 
rabbits were very sedated, owing to the 
antihistamine, we had one case of frank 
prolapse and three cases in which the black 
silk sutures had sloughed out, namely, in the 
eyes which were enucleated on the 10th, 
12th, and 14th postoperative days. In addi- 
tion, there were several cases of frank in- 
fection, with hypopyon present in two. 

Histological examination, the photomi- 
crographs of which are pictured here (Figs. 
1-16), indicates that ‘healing in the control 
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Fig. 1—Rabbit 572, con- 
trol group, two days after 
operation, O. D.; X 35. In 
this section, note that the 
epithelium has already 
bridged the wound. There 
is alr an attempt at 
healing of the wound edges. 


Fig. 2.—Rabbit 572, anti- 
histamine group, 2 days 
after operation, O. S.; X 35. 
It will be noted here that 
gaping of the wound still 
persists. There is no at- 
tempt at healing as yet. 


Fig. Higher power 
100) of Figure 1, 
of the control group. This 
readily shows the epithelium 
pd the wound defect, 

inflammatory cells in 
~ about the wound, and 
the early attempt at fibrous 
union. 
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Fig. 4.—High-power view 
(X 100) of Figure 2, anti- 
histamine group. It is noted 
here that there is marked 
gaping of the wound and no 
attempt at wound healing, as 
well as little evidence of 
inflammatory reaction. 


Fig. 5.—Rabbit 533, con- 
trol group, five days after 
operation, O. D.; X35. 
Healing has advanced well 
here. The area of the wound 
is densely fibrosed. The iris 
is adherent here, as in most 
of the sections shown. 


Fig. 6—Rabbit 533, anti- 
histamine group, five days 
after operation, O. S.; X 35. 
Once again, the adherent iris 
is present. However, there 
is considerable separation of 
the lewer edge of the wound, 
as represented in the upper 
right hand part of the pic- 
ture, where a cut scleral: 
edge is seen. Fibrosis is not 
as advanced as in Figure 5. 
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Fig. 7—High-power view 
of Figure 5 (X 100), con- 
trol group, five days after 
operation. Note here the 
density of the tissue filling 
in the wound defect. 


Fig. 8.—High-power view 
of Figure 6 (X 100), anti- 
histamine group, five days 
after operation. The wound 
here shows more loosely 

cked fibrous tissue, with 

ealing not as advanced as 
in Figure 7. 


Fig. 9.—Rabbit 987, con- 
trol group, 10 an after 


operation, x 35. 
Healing very advanced at 
this stage. 4 
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Fig. 10.—Rabbit 987, anti- 
histamine group, 10 days 
after operation, O. S.; < 35. 
In comparison with Figure 
9, the rate of healing is not 
as advanced. Vacuolation is 
present. Fibrosis is not as 
evident. 


Fig. 12.—High-power view 
of Figure 10 (X 100), anti- 
histamine group, 10 days 
after operation. In compari- 
son with Figure 11, it is 
readily apparent that healing 
has progressed further in 
the control group. 


Fig. 11—High-power view 
of 


gure 9 (X 100), con- 
trol group, 10 days after 
operation. 
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tr ys atter 
ation, O. Di Xs. 


reestablished. The only evi- 
dence of the site of the 
wound is the curled edge of 
Descemet 


membrane present 
at the extreme right and left 
side of the photograph, — 
above the iris and 

body. 


Fig. 14.—Rabbit 517, anti- 
histamine group, 14 days 
after operation, O. S.; X 35. 
Fibrosis is occurring. There 
is still extravasation of 
blood in the tissue. This 
more closely represents the 
healing as in Figure 5, con- 
trol group, five days after 
operation. 


. 15.—High-power view 
of f igure 13 (X 100), con- 
trol group, 14 days after 
operation. This shows the 
normal structure of the 
corneal scleral fibers in the 
region of the wound. 


A 
~ Here the fibrillar structure 
== of the wound area has been 
Weil et al. 557 : 


Fig. 16—High-power view 
of Figure 14 (x 100), anti- 
histamine group, 14 days 
after operation. There is 
still an inflammatory reac- 
tion. This section should be 
compared with Figure 7. 


series is equal to or slightly better than 
or more advanced than healing in the anti- 
histamine-treated group, but in no case was 
healing observed to be more advanced in the 
antihistamine-treated group. 

Perhaps an explanation for our results 
of delayed wound healing in the antihista- 
mine-treated group may be found in the fact 
that wounds will not heal without an in- 
flammatory response of some sort. Without 
inflammation there cannot be the sequence 
of events which leads to the formation of 
granulation tissue. Antihistamines may de- 
press the normal inflammatory response 
which is necessary for adequate wound 
healing in much the same way as the ster- 
oids suppress the inflammatory response 
and thus delay wound healing. 

In summary, then, although in oral surg- 
ery the antihistamines have been credited 
with promoting wound healing and dimin- 
ishing tissue reaction, it has been found 
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that, in the rabbit eye, corneal wound heal- 
ing and tissue reaction are adversely af- 
fected by antihistamines. 


144 W. 86th St. (24). 
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Studies in Experimental Ocular Tuberculosis 


XVIII. The Effect of Cortisone Combined with Specific Antibacterial Therapy on 
Experimental Ocular Tuberculosis in the Immune-Allergic Rabbit 


ALAN C. WOODS, M.D.; RONALD WOOD, Ph.D., and LAWRENCE B. SENTERFIT, Sc.D., Baltimore 


From 1948 to 1954 a series of papers on 
the effect of various antibacterial agents on 
experimental ocular tuberculosis appeared 
from the Wilmer Institute. These various 
studies have indicated that streptomycin is 
the one antibiotic thus far discovered with 
a strong antibacterial action against Myco- 
bacterium tuberculosis. A number of the 
synthetics—glucosulfone (Promin), thiazo- 
sulfone (Promizole), aminosalicylic acid, 
and isoniazid—also have a specific antibacte- 
rial effect on the bacillus. This varies from a 
moderate bacteriostatic up to an actual bac- 
tericidal effect. It was further shown in these 
experimental studies that when streptomycin 
is used in combination with one of the syn- 
thetics as an adjuvant the antibacterial and 
therapeutic result is much greater than would 
be expected by a mere additive effect. It sug- 
gested a synergetic action of the two 
therapeutic agents. It was also shown that 
the use of these agents in combination inhib- 
ited to a considerable extent the development 
of bacterial resistance. Other similar inves- 
tigations from various laboratories have fully 
confirmed these observations. 

In 1952 experiments were reported in 
which the action of corticotropin and the 
corticosteroids on experimental ocular tuber- 
culosis in normal and immune-allergic rab- 
bits was explored.* In these experiments the 
rabbits were pretreated with either cortico- 
tropin or the corticosteroids for four to 
eight days prior to inoculation of tubercle 
bacilli into the eyes. In the normal rabbits 
the resultant ocular tuberculosis followed the 
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usual rapid and fulminating course which is 
constantly observed in the nonimmune rabbit, 
and no difference in the intensity of the 
disease in the treated rabbits and untreated 
controls was noted. In the absence of a 
systemic immunity these hormones certainly 
had no deterrent effect on the progress of 
the disease. In the immune-allergic rabbits 
there was a marked difference in the results 
in the rabbits receiving hormonal therapy 
and in those which were left untreated. 
These animals received either corticotropin 
systemically or cortisone systemically or 
topically. They were pretreated for four 
days prior to inoculation of tubercle bacilli 
into the eyes. Treatment thereafter was con- 
tinued for approximately two months. The 
effect of the administration of these hor- 
mones on the pattern of the resultant ocular 
tuberculosis was the same with corticotropin 
systemically or cortisone systemically or 
topically. The focal reaction to the tuberculin 
in the inoculum was suppressed, and the 
outbreak of objective ocular symptomatology 
was delayed for a 30- to 50-day period, 
during which time the eyes of the treated 
rabbits remained intact and free of clinical 
evidences of tuberculosis. At the end of this 
period, however, the rabbits began to develop 
both ocular inflammation and _ tuberculous 
lesions in the eyes which had had inocula- 
tions. The first organic changes observed 
were showers of soft tubercles on the iris. 
Histological examination of an eye from a 
rabbit killed at this time showed so-called 
“soft” tubercles on the surface of the iris. 
Acid-fast stains showed innumerable tu- 
bercle bacilli both in the stroma of the iris 
and in the extratissue exudates. Apparently 
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during the period of quiescence, the bacilli 
had multiplied to such an extent that the 
anti-inflammatory action of the hormones 
was no longer adequate to combat the tissue 
response to such a massive bacterial insult. 
When treatment with hormones was stopped 
the ocular disease progressed rapidly, with 
secondary glaucorha, buphthalmos, and final- 
ly rupture of the globe. In short, the re- 
strained self-limited disease shown by the 
untreated control immune-allergic rabbits 
was transformed into a malignant, fulminat- 
ing destructive disease of the type seen in 
the nonimmune animal. Further observation 
of these treated immune-allergic rabbits sug- 
gested that this transformation of the clinical 
picture was not due to any depression in 
the acquired immunity but was probably re- 
lated to the inhibition of the inflammatory 
reaction by the steroid therapy. In the sup- 
pression of this inflammatory reaction, there 
was a concomitant suppression of the mobil- 
ization of the mononuclear phagocytes and 
an inhibition of the fibroblastic reaction— 
Nature’s first line of defense against a tuber- 
culous infection was put out of action. 

Subsequent clinical observation has con- 
firmed the danger of using hormonal therapy 
in ocular tuberculosis. Several cases of 
ocular tuberculosis have been seen in which, 
although the early energetic steroid therapy 
was followed by a circumscription of the 
lesions and what was apparently a marked 
subjective and objective improvement, when 
treatment was terminated, or even during 
the continued administration of the steroids, 
there were sharp recurrences of the uveitis. 
These were almost invariably of increased 
intensity, and in some of these patients vision 
was permanently destroyed. 

It has now been suggested that a combina- 
tion of corticosteroid therapy with specific 
antibacterial therapy may be the most effec- 
tive manner of treating some forms of tu- 
berculosis. Thus, Benhamou and Timsit® 
report four cases of tuberculous meningitis 
successfully treated with a combination of 
antibacterial therapy and intraspinal injec- 
tions of hydrocortisone. Various other re- 
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ports likewise indicate that the combination 
of antibacterial and adrenal corticosteroid 
therapy is beneficial in the treatment of 
tuberculous meningitis. Quite recently, 
Cooke,® in reporting on the successful treat- 
ment of tuberculous meningitis, sums up the 
situation on the use of the corticosteroids 
as follows: “The theory behind the use of 
Cortisone is to decrease the allergic response 
to tuberculin, thereby limiting the amount 
of fibrous reaction in the central nervous 
system, which eventuallly causes a block in 
the flow of cerebrospinal fluid with resultant 
hydrocephalus. Autopsies in the cases of 
many survivors, who die late, show that the 
tuberculous infection is overcome, death be- 
ing due to cerebrospinal fluid block and the 
residual inflammatory reaction.” 


In the treatment of pulmonary tuberculosis 
reports vary regarding the desirability of 
using steroids in conjunction with specific 
antibiotic therapy. Aguet and Favez (1954) 7 
treated 12 patients with cortisone and strep- 
tomycin and found that the clinical and 
radiologic results were superior to any the 
authors had observed with other types of 
treatment. In contrast to this favorable re- 
sult, Des Autels and his group® (1956) 
treated 15 cases with cortisone or cortico- 
tropin in conjunction with antibiotics. Seven 
of these patients died during therapy. When 
treatment was stopped in the remaining eight 
patients, there was a sharp rebound phe- 
nomenon and three more died. The authors 
found that, while hormonal therapy resulted 
in an early apparent dramatic clinical im- 
provement, x-rays showed progression of 
the disease in 80% of the patients. 

There appears to be very little work on 
the effect of a combination of specific anti- 
bacterial and corticosteroid therapy in ocular 
tuberculosis. Pacynska® reports four cases 
of ocular tuberculosis which apparently im- 
proved markedly as a result of treatment 
with a hydrolysate of corticotropin and 
streptomycin. The period of later observa- 
tion on these cases is not given. 

The rationale underlying the use of corti- 
costeroids in combination with antibacterial 
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therapy appears to be not only the suppres- 
sion of the allergic reaction to tuberculin 
but also the suppression of early phagocyto- 
sis of the bacilli which may leave them vul- 
nerable to the action of the antibacterial 
agents and thus promote bacteriolysis. Ac- 
cording to this reasoning, the actual destruc- 
tion of the invading tubercle bacilli by the 
antibacterial agent would be promoted, 
rather than their phagocytosis or encapsula- 
tion with resultant bacteriostasis and the 
danger of later relapses. If this is true, the 
prolonged treatment with antibacterial agents 
now believed necessary to effect a cure of 
tuberculosis might be materially shortened, 
and the prognosis might be improved. 

If there is any merit in this hypothesis, it 
should be capable of experimental proof. 
There is probably no better place than 
the eye for such a demonstration: Here the 
degree of inflammatory reaction and the 
amount of therapeutic response can be ac- 
curately evaluated from day to day. To this 
end the following experiment was under- 
taken. 


Technique of Experiment 


On Jan. 3, 1956, seventy normal rabbits 
of the same race and breed were given inocu- 
lations subcutaneously in the groin with 
virulent human tubercle bacilli, Strain H 37 
R. V. On April 4, 1956, all rabbits were 
tested intracutaneously with P. P. D., and 
all were hypersensitive in varying degrees. 
On April 30 all animals were given inocula- 
tions in the anterior chamber of the right 
eye with the proper dose of the same bacillus. 
The usual transient nongranulomatous in- 
flammatory reaction (a Koch phenomenon) 
to the tuberculin in the inoculum appeared 
after 24 hours, but the eyes did not later 
develop tuberculous lesions. Either the cul- 
ture used for inoculation was dead or the 
rabbits were too highly immune for the 
injected dose of bacilli to be effective. 

Accordingly, on May 22, inoculation of 
the anterior chamber of the left eyes of these 
same animals was done with a fresh culture, 
and a tenfold larger dose was given. After 
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the usual Koch reaction these eyes all slowly 
developed the usual type of tuberculous le- 
sions seen in the immune-allergic rabbits. 
On June 12, when the disease was well estab- 
lished, the animals were divided into four 
groups, each with equal skin reactivity to 
P. P. D. and each with equal average ocular 
lesions. These four groups were thereafter 
handled as follows: 

Group I (17 rabbits). Left untreated as 
controls. 

Group II (18 rabbits). Treated subcuta- 
neously with daily doses of 1.5 mg. cortisone 
acetate per kilogram of body weight. 

Group III (17 rabbits). Treated sub- 
cutaneously with daily doses of 50 mg. of 
streptomycin and 11.8 mg. of isoniazid 
(Streptohydrozid) per kilogram of body 
weight. 

Group IV (18 rabbits). Treated sub- 
cutaneously with daily doses of 1.5 mg. 
cortisone acetate, 50 mg. of streptomycin, 
and 11.8 mg. of isoniazid per kilogram of 
body weight. 

Treatment was begun on June 12, 1956, 
and was terminated on July 26, 1956, a 
period of 44 days.* 

The animals in the four groups were 
examined periodically, at first every 2 days 
and later at intervals of from 6 to 10 days. 
The degree of the ocular tuberculosis in 
every eye was evaluated and charted on a 
1 to 4 scale, as outlined for the previous 
experiments in this series. After termina- 
tion of treatment the rabbits were kept under 
observation for a further period of five 
months. At the end of this time they were 
again tested for skin sensitivity to tuberculin 
and then killed. At this time there were 15 
survivors in Group I, 13 in Group II, 16 
in Group ITI, and 13 in Group IV. The left 
eyes were removed, and the animals were 
autopsied and examined for visible evidence 
of systemic tuberculosis. The left eyes of 
one-half of the animals in each group were 
sectioned for histologic study, and the re- 
maining eyes were used for culture to deter- 

*Chas. Pfizer & Company, Inc., provided the 


combination of streptomycin and isoniazid used in 
these experiments. 
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mine the presence of living tubercle bacilli 
in the uveal tracts. 

Mortality.—During the six and one-half 
months’ period of treatment and post-treat- 
ment observation, the total mortality was as 
follows: Group I (controls), two rabbits; 
Group II (treated with cortisone), five rab- 
bits; Group III (treated with streptomycin 
and isoniazid only), one rabbit; Group IV 
(treated with streptomycin, isoniazid, and 
cortisone), five rabbits. Thus there was a 
higher incidence of mortality in the animals 
receiving cortisone. This increased mortality 
appeared due to either the toxic or the phys- 
iologic action of the cortisone rather than to 
the promotion of any systemic tuberculosis. 
Only two rabbits in the entire series showed 
any evidence of pulmonary or disseminated 
tuberculosis. One of these rabbits was in 
Group I (controls), and the other, in Group 
II (treated with cortisone). 


Results 


Group I, Untreated Controls——The con- 
trol rabbits showed the usual transient 
allergic inflammatory reaction shown by 
immune-allergic rabbits after anterior cham- 
ber inoculation with tubercle bacilli. There- 
after, within one week, evidences of ocular 
tuberculosis began to develop. At first there 
was a low-grade pericorneal congestion. This 
was followed by the appearance of discrete 
tubercles on the surface of the iris, thicken- 
ing and infiltration of the iris, the formation 
of posterior synechiae, some clouding of the 
cornea, and, in a few rabbits, visible tuber- 
cles in the corneal stroma with some corneal 
vascularization. No rabbits in this group 
showed any evidence of secondary glaucoma, 
and none developed buphthalmos. The in- 
tensity of symptoms increased for the next 
six weeks, up to about Sept. 1, and thereafter 
slowly declined. On Sept. 12 two of the 
fifteen survivors appeared entirely negative, 
and by Nov. 20 seven were free of any 
evidence of clinical activity. On Dec. 17 
the disease in 13 was recorded as clinically 
inactive, and the remaining 2 showed a trace 
of inflammation. However, many of these 
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eyes were scarred and showed organic 
changes. Figure 1 shows the clinical course 
of the disease in the eye of one typical rab- 
bit in this untreated control group. 

Group II, Treated with Cortisone Only.— 
The disease in the rabbits receiving cortisone 
only behaved in a very different fashion. 
For the first week there was an almost com- 
plete suppression of the ocular inflammation 
which was present when the cortisone was 
first given. The organic lesions and tubercle 
formation were not effected. Then resulted 
the peculiar picture of slowly progressive 
tuberculosis in a relatively uninflamed eye. 
After one week, however, the inflammatory 
reaction again became apparent, and there- 
after it slowly increased. Within four weeks 
the cortisone-treated rabbits showed an in- 
flammatory reaction and evidences of active 
ocular tuberculosis approximately equal to 
those of the untreated controls. Thereafter, 
while the disease in the untreated controls 
remained stationary or steadily decreased, 
the disease in the cortisone-treated animals 
steadily increased. Secondary glaucoma and 
buphthalmos began to develop. When treat- 
ment was terminated, on July 26, four of 
the surviving rabbits had developed buph- 
thalmos. Four other rabbits developed 
buphthalmos during the first month of post- 
treatment observation. Three of the eight 
eyes with buphthalmos subsequently rup- 
tured. When the rabbits were finally killed, 
on Jan. 9, 1957, eight of the final thirteen 
survivors still had active inflammation in 
the eyes, while in five the disease appeared 
inactive clinically. One of these rabbits with 
clinically inactive disease, however, had a 
ruptured buphthalmic eye, which was re- 
corded as negative because the disease ap- 
peared burned out. Three of the remaining 
four clinically negative eyes were examined 
histologically, and two of these showed ac- 
tive tuberculous lesions. Thus, only two 
rabbits in this group could be classed as 
having the restrained self-limited disease 
characteristic of the untreated immune-aller- 
gic animal. Figure 2 shows the progress of 
one of the more severely involved animals in 
this group. 
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Fig. 1.—Course of tuberculosis in untreated control rabbit (Group I) from June 12, 1956, 
to Jan. 3, 1957, illustrating gradual absorption of the tubercles and residual scarring. 


Figure 3 shows in graphic form the course 
of the disease in the untreated controls as 
compared with the cortisone-treated animals. 

Group III, Treated with Streptomycin 
and Isoniazid Only.—The rabbits receiving 
streptomycin and isoniazid only showed a 
marked improvement in the clinical picture 
within 24 to 48 hours after the initiation 
of treatment. After two weeks’ treatment 
the disease in 2 rabbits was entirely inactive, 
while in 15 it was still active. The average 
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activity for the entire group had dropped 
from 1.4 to 0.7. By July 9, after 27 days 
of treatment, the disease in 9 of the 17 
rabbits was entirely quiet and was recorded 
as zero, while the average activity of the 
entire group was 0.4. When treatment was 
terminated, on July 26, the disease in three 
of these rabbits still showed a trace of 
activity, but by Sept. 13 it was recorded as 
zero in all 17 survivors in this group. These 
rabbits were kept under observation for five 


563 


; Fig. 2.—Course of tuberculosis in rabbit treated with cortisone only (Group II) from June 
12, 1956, be Jan. 3, 1957, illustrating development of buphthalmos, necrosis, caseation, and 
rupture of the globe 
Treatment Started Group Untrested Controls 
J 
Date 


Fig. 3—Comparison of degree of activity in untreated controls (Group I) and rabbits 
1 treated with cortisone only (Group IT). 
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of in rabbit with streptom mycin and isoniazid only, 


ig. 
sheseretia gradual complete healing of lesions over six-month peri 


months after cessation of treatment. One 
rabbit with an eye in which the disease was 
inactive died on Dec. 17. At the time of 
killing, on Jan. 3, 1957, the eyes of the 16 
survivors were white and free of any evi- 
dence of clinical inflammation. Figure 4 
shows the progress of a most severely in- 
volved rabbit of this group. 

Group IV, Treated with Streptomycin, 
Isoniazid, and Cortisone Combined.—The 
initial reaction of the rabbits treated with 
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(Group III). 


a combination of streptomycin, isoniazid, and 
cortisone was a partial suppression of the 
manifest inflammation. For the first month 
the inflammatory reaction in these rabbits 
was somewhat less than in the animals re- 
ceiving the streptomycin and isoniazid only. 
The clinical picture began to improve within 
48 hours after initiation of treatment. After 
one month of treatment, however, several 
of these Group IV rabbits showed a slight 
exacerbation, and for the next month the 
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average improvement was slightly less than 
in the Group III rabbits. However, at the 
cessation of treatment, on July 26, there was 
little difference between the two groups. 
The eyes of these rabbits receiving the com- 
bined treatment of cortisone, streptomycin, 
and isoniazid remained quiet for the next 
six weeks. Beginning on Sept. 15, the pic- 
ture began to change. First one and then 
another of these rabbits began to have a 
relapse. By Oct. 12 there were six recidives 


Fig. 5.—Course of tuberculosis in rabbit 


among the 14 survivors, and by Nov. 12 a 
total of 8 out of 14 survivors had had re- 
lapses. Four of these relapses were only of 
moderate severity, but in four the relapses 
were severe. One of these relapsing eyes 
developed secondary glaucoma and buphthal- 
mos, with final destruction of the eye. At 
the conclusion of the period of post-treat- 
ment observation, on Jan. 3, 1957, four of 
the thirteen survivors in this group had ac- 
tive ocular tuberculosis, while the disease 


treated with a combination of streptomycin, 


isoniazid, and cortisone (Group IV), illustrating initial clearing of lesions (1-4), with relapse 
two months after discontinuing treatment (5) and final development of buphthalmos (6-8). 
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patment Started 


\ Junesa,rese. 


Untreated Controls 


_ Fig. 6—Comparison of degree of disease activity in rabbits treated with streptomycin and 
isoniazid only (Group III) and those treated with streptomycin, isoniazid, and cortisone 


(Group IV). 


was inactive in nine on clinical examination. 
Five of these eyes with clinically inactive 
disease, however, showed active disease when 
examined histologically (see below). Figure 
5 shows the progress of the tuberculosis in 
one of the severer recidives and shows clear- 
ly the initial apparent healing with the final 
relapse six weeks after termination of 
treatment. Figure 6 shows in graphic form 
a comparison of the untreated controls 
(Group I), of the rabbits treated with the 
combination of streptomycin, isoniazid, and 
cortisone (Group IV), and of the rabbits 
treated with streptomycin and_ isoniazid 
only (Group III). It illustrates well the 
“rebound” phenomenon after cessation of 
treatment. Figure 7 shows in graphic form 


ic Inoculation - Jan 

3 Inoculated - Meyaa,rse 

Treatment Started - Juneia..ase. 

Treatment 

Treatment Started 


Group 
Group I 


the clinical courses of the four groups of 
rabbits. 

Bacteriological Findings.—At the end of 
five months’ post-treatment observation, on 
Jan. 3, 1957, after all animals were killed, 
the left eyes were removed; one-half of these 
(six to eight in each group) were sectioned 
for histologic study with use of acid-fast 
stains. The remaining eyes were opened 
aseptically; the uveal tracts were dissected 
out, emulsified, and cultured on Jenner’s 
modification of Lowenstein’s medium to de- 
termine the presence or absence of living 
tubercle bacilli. In a few instances trans- 
mission experiments ‘im the-eyes of normal 
rabbits were done as controls of the cultures. 


—-—--Streptohydrazid and 


Only 
rep rez 


Fig. 7—Comparison of degree of activity in Groups I, II, III, and IV, over period of 
treatment and five-month period of post-treatment observation. 
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TABLE 1.—Incidence of Positive Cultures for Tubercle Bacilli in Each Group 


Total Positive for 
‘ubercle 


Negative for 


Group Cultures bercle Bacilli Colony Count 
No. % No. % 
I. Untreated controls 7 7 100 0 0 Average of 6 par tubes= 
40; 1 tube=T 
Il. Treated with cortisone 7 7 100 0 0 of 4 


only 


tom: 
& isoniazid onl 


mycin, isoniazid, & 
cortisone 


. Treated with strepto- 7 + 57 


itive tubes= 


Average 
20; 3 20; 3 tubes= NTC 


pat a of all 5 positive tubes 


3 48 Average of 3 itive tubes = 
18; 1 tube=TNTC 


* TNTC, too numerous to count. 


Table 1 shows the incidences of positive 
cultures for tubercle bacilli in the four 
groups. 

In the untreated controls (Group I) and 
the rabbits treated with cortisone only 
(Group II) all cultures were positive, the 
eyes containing living bacilli. Estimation of 
the number of colonies in the various tubes 
showed that in the untreated controls in six 
tubes the average number of colonies was 
40 and in one tube they were too numerous 
to count. In the rabbits treated with corti- 
sone in four tubes the average number of 
colonies was 20 but in the three other tubes 
the colonies were too numerous to count. 
In the over-all picture there appeared to be 
more colonies in the cultures from the corti- 
sone-treated rabbits than from the controls. 

In contrast to this 100% incidence of 
positive cultures in the control group and 
in the rabbits treated with cortisone only, 
there was a greatly decreased incidence of 
positive cultures in Group III (receiving 
streptomycin and isoniazid) and Group IV 
(receiving streptomycin, isoniazid, and corti- 
sone). The incidences in these two groups 
were statistically identical, 60% and 57%, 
respectively. However, on examination of 
the positive cultures in these two groups 
there were seen to be somewhat more colo- 
nies in the group treated with streptomycin, 
isoniazid, and cortisone than in the group 
treated with streptomycin and isoniazid only. 
This suggests that there may have been 
fewer living organisms in the Group III 
rabbits. 
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This assumption is borne out by a study 
of the histological sections stained for tu- 
bercule bacilli by the acid-fast technique. 
In Group I (untreated controls) tubercle 
bacilli could be demonstrated in three of 
eight eyes; in Group II (cortisone only), in 
three of six eyes; in Group III (strepto- 
mycin and isoniazid only) in none of eight 
eyes, while in Group IV (streptomycin, 
isoniazid, and cortisone) bacilli were found 
in two of the seven eyes so stained. Thus, 
in Groups I, II, and IV there was little 
statistical difference in the incidence of 
stainable bacilli in the sections, while in 
Group ITI there was a marked difference, 
the incidence here being zero. 

The ease with which bacilli can be demon- 
strated in stained sections is probably de- 
pendent on two factors: the number of 
bacilli present and the thickness and staining 
of the sections. Since all sections were of 
uniform thickness and were stained in an 
identical manner, the failure to demonstrate 
stained bacilli in sections of any of the Group 
III rabbits, despite the fact in five instances 


_ TABLE 2.—Results of Acid-Fast Stains for 
Tubercle Bacilli 


Stains of Tubercle 
Bacilli 
Total 
Eyes Positive Negative 
Group Studied 
No. % No. 
I. Untreated controls 8 3 «638 5 8662 
Il. with cortisone 6 3 3 
II. ‘Treated with 8 0 0 8 100 
& isoniaz' 
IV. Treated with stre' 7 2 3 5 7 


mycin, isoniazid, & 
cortisone 
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Fig. 8. — Epithelioid- 
and lymphoid-cell infiltra- 
tion at base of iris and 
angle in Group I rabbit 
with maximum activity 
of the disease at time of 
killing. 


their presence was demonstrated by culture, 
is strong evidence that there were few bacilli 
remaining in the tissues. The results of this 
search for bacilli in the sections are shown 
in Table 2. 


Histology.—Group I: There were 15 sur- 
vivors in the untreated control group. The 


eyes of six of these were sectioned for 
histologic study. Seven were used for cul- 
ture, and two were used in another experi- 
ment. 


At the time of killing two of the six eyes 
sectioned for histologic study showed some 
clinical residual activity while four appeared 
entirely quiet. The two clinically active 
eyes both showed histologic evidence of ac- 
tive tuberculosis—one with epithelioid- and 
lymphoid-cell infiltration at the angle and 
in the base of the iris (Fig. 8) and the other 
with well-formed tubercles on the anterior 
surface of the iris, with some scarring and 


nonspecific inflammation of the iris stroma 
(Fig. 9). 


Fig. 9—Tubercle on 
anterior surface of iris, 
with scarring and non- 
specific inflammation in 
Group I rabbit with clin- 
ical activity of the disease 
at time of killing. 
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Fig. 10.—Scarring and 
minimal nonspecific in- 
flammation in iris of un- 
treated control (Group I) 
rabbit with clinically in- 
active disease. 


Three eyes which showed no clinical evi- 
dence of active tuberculosis were likewise 
negative on histologic examination. All 
showed more or less scarring and occasion- 
ally infiltration of the iris (Fig. 10). To- 
ward the end of the experiment, on Dec. 
17, in one eye in which the disease had been 
recorded as clinically inactive the disease 
was purposely reactivated by the systemic 
injection of a large dose of tuberculin. After 
the acute focal reaction had subsided, the 
rabbit was killed and the eye was enucleated 


for histologic study. This eye showed a 


highly interesting picture. There were 


keratic deposits composed of epithelioid and 
plasma cells on the posterior surface of the 
cornea (Fig. 11) and similar collections of 
cells at the tip of the iris and on its surface 
(Fig. 12). These were highly suggestive 


of Koeppe and Bussaca nodules. One section 
of this same eye presented the unusual pic- 
ture of a small clump of epithelioid cells 
about to break away from the tip of the iris. 


Fig. 11. — Mutton-fat 
keratic deposits composed 
of epithelioid and plasma 
cells on endothelial sur- 
face of reactivated eye of 
untreated control (Group 
I) rabbit. 
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Fig. 12.—Collections of 
epithelioid cells on an- 
terior surface and at tip 
of iris in reactivated eye 
of untreated control 
(Group I) rabbit. 


Clinically it was probably a Koeppe nodule 
on the brink of dissolution. 

Group II: There were 13 survivors in 
the group treated with cortisone only. The 
eyes of seven of these rabbits were used for 
culture, while six were sectioned for histo- 
logic study and stained for tubercle bacilli. 
One of these six eyes had developed buph- 
thalmos and histologically showed an ad- 
vanced tuberculous endophthalmitis. It was 
in fact little more than a mass of caseous 
infiltrated tuberculous tissue (Fig. 14). 


Woods et al. 


There were few if any giant cells in the 
section and no well-formed tubercles. The 
process had been too rapid. Cellular infiltra- 
tion of the tissues with necrosis and casea- 
tion were the outstanding features (Fig. 
15). 

Four of the other five eyes examined 
histologically showed slight to moderate his- 
tologic evidences of activity, while one was 
negative. In the over-all picture, the reacting 
eyes of these Group II rabbits were more 
severely involved than those of the other 
three groups. 


Fig. 13.—Koeppe no- 
dule, about to break away 
from tip of iris, in re- 
activated eye of untreated 
control (Group I) rabbit. 
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Fig. 14. — Infiltrating 
tuberculous tissue in ad- 
vanced endophthalmitis in 
rabbit treated with corti- 
sone (Group IT). 


Group III: There were 16 survivors in 
the rabbits treated with streptomycin and 
isoniazid only. At the time of killing the 
disease in all these eyes was recorded as 
clinically inactive. The eyes of eight of this 
group were sectioned for histologic study. 
None of these eyes showed any evidence of 


active tuberculosis. All showed slight scar- 
ring, and several showed anterior synechiae 
at the angle, with a few residual cells. Fig- 
ure 16 shows the most advanced of these 
changes. No tubercles were found in any of 
the sections. 
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Group IV: There were 13 survivors in the 
group treated with the combination of 
streptomycin, isoniazid, and cortisone. Seven 
of these eyes were sectioned, and six were 
used for cultures. One eye with advanced 
clinical changes at the time of killing was 
both cultured and sectioned. Of the seven 
eyes sectioned, one showed large tubercles in 
the ciliary region (Fig. 17) and many tu- 
bercles throughout the iris. Two other eyes, 
one with moderate clinical activity and one 
recorded as negative on clinical examination, 
showed a moderate degree of cellular in- 


Fig. 15. — Caseation 
necrosis in rabbit treated 
with cortisone (Group 
II). 
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Fig. 16.— Anterior 
synechia and minimal 
nonspecific inflammation 
in rabbit treated with 
streptomycin and isonia- 
zid only (Group III). 


Fig. 18.—Advanced tu- 
berculosis of iris with 
necrosis in rabbit treated 
with combination of 
streptomycin, isoniazid, 
and cortisone. 


Fig. 17.—Advanced tu- 
bercle with early necrosis 
in rabbit treated with 
combination of strepto- 
mycin, isoniazid, and cor- 
tisone (Group IV). 


i 


A. 


filtration in the angle and well-formed 
tubercles in the iris (Fig. 18). Two other 
eyes, both recorded as negative at the time 
of killing, showed minor evidences of active 
tuberculosis. The disease in the remaining 
two eyes was inactive both on clinical and 
on histologic examination. In summary, on 
histologic examination five of seven eyes 
from rabbits receiving the combination of 
streptomycin, isoniazid, and _ cortisone 
showed evidences of varying degrees of ac- 
tive tuberculosis. 


Comment 


These results speak for themselves. Ocu- 
lar tuberculosis in the untreated controls 
followed the usual pattern of the disease in 
immune-allergic rabbits. It ran a restrained 
course for four to six months, without either 
secondary glaucoma or buphthalmos. At the 
conclusion of the experiment the disease 
appeared clinically inactive in 13 of the 15 
survivors, while there were still evidences 
of smoldering activity in two eyes. However, 
on histologic examination evidences of active 
tuberculosis were found in two of five eyes 
in which the disease was recorded as inactive 
clinically. Cultures of all eyes, whether 
the disease was active or inactive clinically, 
were positive for tubercle bacilli. This per- 
sistence of living bacilli in eyes with clinically 
inactive disease is a good illustration of the 
well-known adage that apparent healing in 
tuberculosis is more often due to bacterios- 
tasis than to bacteriolysis. 

Disease in the cortisone-treated rabbits 
behaved much as it had in the previously 
reported experiments. Five of the original 
eighteen rabbits so treated died during the 
course of the experiment. Eight of the 
surviving rabbits developed buphthalmos, 
and three eyes had ruptured. Thus, in 8 
of the 13 surviving immune-allergic rabbits 
treated with cortisone, what would normally 
have been a restrained fibrotic type of tu- 
berculosis was transformed into a necrotiz- 
ing, caseating disease which completely 
destroyed the eyes. Three of the remaining 
five survivors had either clinical or histologic 
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evidences of severe ocular tuberculosis. In 
only two animals did the ocular disease 
follow the usual restrained course seen in 
immune-allergic animals. 

The most striking finding in these experi- 
ments was the different behavior of the rab- 
bits treated with streptomycin and isoniazid 
only and those treated with a combination 
of cortisone, streptomycin, and isoniazid. 
During the period of actual treatment there 
was little difference in the behavior of the 
two groups. All rabbits showed a prompt 
response to the streptomycin and isoniazid. 
The rabbits receiving cortisone in addition 
showed some early diminution of the inflam- 
matory reaction. Thereafter there was little 
difference in the two groups during the 
period of treatment and for the ensuing 
month. At this time (Aug. 22) the eyes of 
all rabbits in both groups were free of 
inflammation and showed little or no clinical 
evidences of active disease. Had the experi- 
ment been terminated then and the animals 
been killed for culture and histologic study, 
the delayed deleterious effect of cortisone 
would have been missed. 

Six weeks after cessation of treatment one 
of the rabbits which had received the cor- 
tisone-streptomycin-isoniazid combination 
had a relapse, and within the next month 
six other rabbits in this group likewise 
had relapses, with ciliary inflammation and 
the formation of fresh tubercles on the iris. 
An eighth rabbit had a similar relapse one 
month later. Four of these relapses were 
relatively mild, the eyes again recovering 
within three to four weeks, although one 
rabbit had a second relapse just before the 
conclusion of the experiment. In four rab- 
bits the relapses were severe, the eyes being 
heavily involved at the time the animals 
were killed. One of these seven recidives 
developed secondary glaucoma and buph- 
thalmos and the eye was destroyed. During 
this period the eyes of the rabbits treated 
with streptomycin and isoniazid only re- 
mained white and free of inflammation and 
showed nothing remotely suggesting a re- 
lapse. After killing of the rabbits, on Jan. 
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EXPERIMENTAL OCULAR TUBERCULOSIS 


TABLE 3.—Comparison of Results in Groups 
III and IV 


Group IV 
Treated with Group III 
Streptomycin Treated with 
Isoniazid, & treptomycin 
Cortisone) & Isoniazid Only) 
Clinical course All cleared under All cleared under 
treatment; remained treatment; remained 
for 2 mo. up to 
‘ter mo. later 
Recurrences Troy 14survivors None (in 16survivors) 
Histologicalevi- In 5 of 7 eyes 
dence of active studied (70%) ) = 
tuberculosis 
Positive cultures In 4 of 7 eyes cul- In 5 of 8 eyes cultured 
for bacilli tured (57%) (60%) 
Demonstrable In 2 of 7 eyes None (in 8 eyes 
bacilli in sections studied (30%) Nodied) 


3, five of the seven eyes of the Group IV 
rabbits which were studied histologically 
showed evidence of active tuberculosis. The 
eyes of the eight rabbits in Group III 
which were studied histologically showed no 
evidences of active tuberculosis. The in- 
cidence of positive cultures was essentially 
the same in the two groups, but when the 
sections were stained for bacilli, there was 
suggestive evidence that there were a smaller 
number of bacilli in the tissues of the Group 
III rabbits. These results are shown in 
Table 3. 


This experiment was undertaken primarily 
to answer the question of whether the addi- 
tion of corticosteroids to specific antibacterial 
therapy has a beneficial or a deleterious effect 
on the course of experimental ocular tuber- 
culosis. The answer is clear. Under the 
conditions of this experiment, the addition 
of cortisone to specific antibacterial therapy 
had no beneficial effect other than the minor 
one of diminution of the early inflammatory 
reaction. It had a decidedly deleterious effect 
in that it promoted a high incidence of 
recurrences, several of which were severer 
than the original disease. 

The mechanism whereby cortisone pro- 
voked this high incidence of recurrences is 
not altogether clear. Study of cortisone- 
treated immune-allergic rabbits in a previous 
experiment did not reveal any evidence of 
a persisting depression of the acquired 
systemic immunity. It is unlikely that this 
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factor played any part in the recurrences 
observed in this experiment. It is theo 
retically possible that the cortisone in some 
way inhibited the antibacterial action of the 
streptomycin and isoniazid, but there is no 
actual evidence that this is so. It appears 
more probable that, in depressing the in- 
flammatory reaction, the cortisone retarded 
the mobilization of the large macrophages 
and also the initiation of the fibroblastic 
reaction. Thus, with the suppression of 
these two defense factors against tuber- 
culosis, the propagation of the bacilli was 
greater than could be controlled by the 
bactericidal action of the streptomycin and 
isoniazid. When treatment with streptomy- 
cin and isoniazid was stopped there were 
great numbers of surviving bacilli. These 
continued to multiply. The assault of the 
increased number of bacilli upon the tissues 
was more than the previously acquired im- 
munity could withstand, and thereafter there 
were relapses. The intensity of these re- 
lapses was probably in proportion to the 
number of bacilli still present in the eye and 
the amount of resistance acquired by the 
individual rabbit. 

The results of this study closely parallel 
those of a very recent experiment by Naguib 
and Robson.” These investigators studied 
the effect of cortisone alone and cortisone 
plus isoniazid on the corneal tuberculosis 
of both normal and adrenalectomized mice. 
The corneas of these mice were given inocu- 
lations of bovine tubercle bacilli. Adrenalec- 
tomy produced a slight but definite favorable 
effect on the course of the corneal disease. 
Cortisone, in both normal and adrenal- 
ectomized animals, had a slight beneficial 
effect for the first three weeks, in that it 
decreased the size of the lesion by diminish- 
ing the edema and vascularization. There- 
after, it exerted a markedly deleterious 
effect, with a spread of the corneal lesion, 
extensive necrosis, caseation, and finally per- 
foration of the globe. There was also a 
systemic spread of the disease to many 
organs, a phenomenon which was never 
observed in the untreated controls. It was 
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further found that when animals were 
treated with a combination of cortisone and 
isoniazid the hormone neutralized the bene- 
ficial effects of the isoniazid and there was 
an exacerbation of the local tuberculosis and 
a spread of the disease to the liver and 
spleen of many of the animals. Histologic 
examination of the lesions of the treated 
animals showed the same marked multipli- 
cation of the bacilli as was noted in the 
experiment reported here. 

It is of course dangerous to draw clinical 
conclusions from experimental observa- 
tions, but in this case it appears justifiable 
to do so. Earlier in this report it was 
mentioned that clinical observations had in- 
dicated a deleterious action of the cortico- 
steroids in clinical ocular tuberculosis. A 
review of the histories of private patients 
with granulomatous uveitis who had been 
referred to one of us for diagnostic study 
over the last few years revealed five cases, 
which would be classed clinically as almost 
undoubted ocular tuberculosis, which had 
been treated somewhat extensively with the 
adrenal corticosteroids prior to their referral. 
In all of these patients there had been some 
apparent initial improvement under this 
therapy. In all, however, the condition 
finally progressed. In three the termination 
of treatment was quickly followed by the 
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so-called rebound phenomenon, in each case 
a relapse of such severity that vision was 
irretrievably damaged when the disease 
finally burned out or was controlled by anti- 
bacterial therapy. In all these cases the 
etiologic diagnosis was entirely a clinical 
one and is therefore subject to some un- 
certainty. There is no uncertainty, how- 
ever, in the case of a patient recently 
reported by Zimmerman." 


His patient was a 45-year-old white 
farmer, with an essentially negative medical 
history, who had had a granulomatous iritis 
with secondary glaucoma over a two and 
one-half month period. Intensive treatment 
with cortisone, topically, subconjunctivally, 
and systemically, resulted in a control of the 
glaucoma and a great improvement in the 
iritis. All went well for awhile, when sud- 
denly the anterior chamber deepened, the 
lens became dislocated, an exudate appeared 
in the anterior chamber, the cornea became 
opaque and bulged, and the tension rose 
sharply. The eye was then enucleated. 


Histologic study showed an advanced 
caseous tuberculous endophthalmitis with 
necrosis of the retina (Fig. 19) and of the 
iris (Fig. 20). The ciliary body showed 
tubercles and giant cells (Figs. 21 and 22). 
Acid-fast stains showed scattered tubercle 
bacilli in the areas of caseation necrosis 


Fig. 19. — Retinal ne- 
crosis in advanced clin- 
ical tuberculous 
endophthalmitis. ( P ro- 
vided by Dr. L. R. Zim- 
merman. ) 
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Fig. 20—Advanced 
necrosis of iris and ciliary 
body in clinical tubercu- 


(Provided by Dr. L. R. 


lous endophthalmitis. 
Zimmerman. ) 


Fig. 21.—Tubercles and 


liary region 


necrosis in ci 


1 tu- 


in advanced clinica 


Dr. L. R. 


(Provided by 


Zimmerman. ) 


Fig. 22.—Tubercles and 


giant 


in advanced 


cell 


tuberculous en- 


clinical 


(Provided 
L. R. Zimmer- 


dophthalmitis. 
by Dr. 
man. ) 


Oe 


in both the anterior and the posterior ocular 
segments. This eye showed the same 
malignant, caseating, necrotizing type of 
tuberculosis shown by many of the immune- 
allergic rabbits treated with cortisone. A 
comparison of this eye with the eye of one 
of the cortisone-treated rabbits (Figs. 14 
and 15) shows many points of histologic 
similarity in the two. In the human eye 
the process had been somewhat slower, while 
in the eye of the experimental rabbit the 
process had been more rapid and typical 
tubercles and giant cells had not had time 
to form. In both eyes, however, the out- 
standing features were the same—a rapidly 
developing endophthalmitis with advanced 


caseation necrosis. 


Summary 

The administration of cortisone to im- 
mune-allergic rabbits with a secondary ocular 
tuberculosis, transforms with is normally a 
restrained self-limited disease into a necro- 
tizing, caseating process with resulting 
destruction of a high percentage of the eyes. 
This confirms a previously reported experi- 
ment. 

Treatment of immune-allergic rabbits with 
a combination of streptomycin and isoniazid 
(Streptohydrazid) and cortisone did not en- 
hance the therapeutic action of the strepto- 
mycin and isoniazid and had no beneficial 
effect other than the minor one of diminish- 
ing slightly the early inflammatory response. 

The combined treatment had a markedly 
deleterious effect in that it promoted recur- 
rences of active tuberculosis in the eyes of 
more than one-half of the animals so treated. 
These recurrences in many cases were 
severe, and occasionally they completely 
destroyed the eye. 

These experiments give no support to the 
premise that the addition of corticosteroids 
to antibacterial therapy is beneficial in ocular 
tuberculosis. On the contrary, the results 
here reported sharply suggest that such com- 
bined therapy is specifically contraindicated. 


578 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Wilmer Institute, The Johns Hopkins Hospital 
(5). 
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An Analysis of the Illumination Technique of Cibis 


ROBERT C. DREWS, M.D., St. Louis 


Cibis recently published an account of a 
new technique of illumination for micros- 
copy. Figure 1 illustrates some of the 
major differences between microscopy with 
transmitted and Cibis illumination. Note 
how details which are not visible with 
ordinary illumination suddenly appear, such 
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as zones of discontinuity in the lens. There 
are also striking color changes in the cornea, 
iris pigment, and so forth. Subtle color 
differences appear, for instance between 
ciliary muscle and surrounding connective 
tissue. In the present work I have attempted 
to analyze this method in order to be better 
able to interpret what is seen, to plan further 
applications, and to be able perhaps to extend 
the technique. 


The Production of Color 


Color in an object is produced by seven 
basic mechanisms: Light striking an object 


Fig. 1—Left, low-power photomicrograph of the anterior part of a human eye stained 


with eosin. 


Transmitted illumination used. Right, same section viewed with the oblique 


illumination system of Cibis. (Photograph by courtesy of Dr. Cibis.) 


As 


1/ specimen 


CiIBIS SYSTEM 
Figure 2 


may be reflected, transmitted, or absorbed, 
and these may occur in a manner dependent 
upon wave length. Absorbed light can be re- 
emitted at a different wave length as fluores- 
cence and can emerge from the object from 
the same side it entered (fluororemission) 
or from the other side (fluorotransmission). 
Color can also be produced by refraction, 
diffraction, and interference. 

It has been said that wave lengths which 
are most strongly absorbed by an object are 
also the most strongly diffracted.* This is 
offered as an explanation of certain color 
reversals seen in dark-field illumination. 


Synthesis 

In Cibis’ system (Fig. 2), light enters a 
prism whose curved face focuses it upon 
a glass plate. The angle at which the light 
strikes the plate is made acute enough that 
total internal reflection occurs and the light 
reflects its way across the plate until an 
object such as the specimen sends some of it 
off toward the observer. 

The parts of the Cibis system can be 
eliminated one by one (Figs. 3 to 5). The 
simplest way to demonstrate the Cibis effect 
is to hold a slide in a beam of sunlight 


PLATE REMOVED 
PRISM INVERTED 


Fig. 4.—Further modified oblique illumination. 
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WITHOUT FOCUSING 
PRISM FACE 


Fig. 3—Modified Cibis system for oblique il- 
lumination. 


entering obliquely through a window, so that 
the slide is observed against the dark field 
offered by the shadow below the window. 
The Cibis system is preferred as a conven- 
ient and efficient means of obtaining oblique 
illumination for use on the stage of an 
ordinary microscope. 


Droplet Beam Analysis 


If only a tiny droplet of fluid is placed 
between the plate and the slide, just a pencil 
of light will traverse the interspace and 
enter-the slide (Fig. 6). When one is 
using high magnification and observing 
cornea, for instance, four distinct spots are 
seen: 1. With a dirty slide there is a point 
of diffuse scattering by the dirt where the 
droplet allows light to reach the undersur- 
face of the slide. 2. There is an area of 
bright green fluorotransmission where the 
pencil of light traverses the eosin-stained 
specimen. 3. There is another diffuse scat- 
tering by dirt where the light is reflected 
back from the top surface of the coverslip. 
4. There is another green fluororemission 
where the pencil of light retraverses the sec- 
tion. 

That both fluorotransmission and fluorore- 
mission occur can be confirmed by immers- 
ing the slide in water (Fig. 7) and noting 
that the effects persist. 


WITHOUT PRISM 


Fig. 5.—Simple oblique illumination. 
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ILLUMINATION TECHNIQUE OF CIBIS 


Fig. 6—Droplet beam analysis (see text). 


Necessary Conditions 


The internal reflections in the Cibis plate 
tend to polarize the light horizontally. That 
such polarization is not ordinarily required 
is shown by the fact that the plate can be 
eliminated (Fig. 4) without loss of the 
Cibis effect. This can be confirmed by de- 
polarizing the light which enters the micro- 
scope slide. Placing a polarizing filter in 
front of the light source (or in the micro- 
scope), one finds that the effect is en- 
hanced by polarizing the light vertically. 
Inspection shows that this is because a better 
dark field is obtained. 

The importance of a good dark field can 
be demonstrated by lighting a specimen by 
both ordinary and Cibis techniques. By 
varying the strength of the ordinary light, 
one finds that the Cibis effect is easily 
completely “drowned out.” 


Diffraction, Interference, and Refraction 


Diffraction occurs in oblique microscopic 
illumination and serves to emphasize bound- 
aries. If diffraction also occurs from highly 
absorbent objects, it might be the explana- 
tion of the striking changes in color of pig- 
ment granules, for instance. Except as it 
occurs in diffraction, I have found no need 
to postulate interference to account for the 
effects of Cibis illumination. Refraction 
does not appear to be of importance in the 
production of color except when one is 
studying prismatic crystals. 


Research Microscopes 


I attempted to duplicate the effects of 
Cibis illumination with phase, dark-field, 
fluorescent, and polarization microscopy. 
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REFLECTION & 
FLOUROREMISSION FLOUROTRANSMISSION 
Fig. 7—Immersed specimen. 


Phase microscopy reveals the structural 
detail seen with oblique illumination except 
for the zones of discontinuity of the lens. 
It does not, of course, produce the color 
contrasts which can be so informative with 
oblique illumination. 

Cracks and scratches in the section or the 
crystalline “dirt” sometimes present on the 
surface of a section are rendered visible 
by oblique illumination by virtue of its dark- 
field properties and can also be seen easily 
with a dark-field microscope. Dark-field mi- 
croscopy also reveals the zones of discon- 
tinuity of the lens. 

With ultraviolet light, autofluorescence of 
the tissue is elicited with little if any fluo- 
rescence of the eosin, and so structural de- 
tails are not seen. 

Polarization microscopy is not revealing, 
since the lens and other eye tissues are not 
doubly refractile. 


Eosin 


I have been especially interested in the 
striking amount of detail seen in eye sections 
stained with eosin when they are viewed 
with oblique rather than transmitted illu- 
mination, 

Eosin absorbs a narrow band of light in 
the blue-green region of the spectrum, with 
somewhat less absorption throughout the 
blue (Fig. 8). Thus it ordinarily appears 
to transmit red, but it is potentially dichroic 
and under certain conditions displays various 
shades of magenta and blue. 
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700 m 


EOSIN 


Fig. 8—Eosin transmission—absorption and 
fluorescence curves. The ordinates are arbitrary, 
and the relative height of the two curves is only 
qualitatively correct. 


Eosin fluoresces in the green. Thus, when 
stained sections are illuminated obliquely so 
that directly transmitted light is not seen 
they appear green by both fluorotransmission 
and fluororemission. However, thick or 
dense layers of eosin appear red even in 
oblique illumination by virtue of internal 
reflections and reabsorption of fluoresced 
light. The ease with which fluorescence ef- 
fects can be drowned out by transmitted 
light can be appreciated from Figure 8. 

Both diffusely and specularly reflected 
light from eosin appear green, but this may 
just be fluororemission. I have not been 
able to recognize any other color effects 
produced by reflection alone. 


Filters 


In Figure 9 the absorption and fluores- 
cence spectra for eosin are plotted with the 
transmission spectra for two Kodak Wrat- 
ten filters. With oblique illumination the 
fluorescent effects on eosin can be canceled 
by the use of filters which do not transmit 
in the green. The No. 74 narrow-band 
green filter permits fluorescence although it 
destroys all color variation. With trans- 
mitted light the No. 74 filter increases con- 
trast monochromatically. 


Lens 


Some tissue sections of lenses show zones 
of discontinuity when viewed in oblique 
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Fig. 9.—Eosin curves versus filters. (ab) Eosin 
absorption curve; (ff) eosin fluorescence curve; 
31, transmission curve for Kodak Wratten filter 
No. 31; 74, transmission curve for Kodak Wratten 
filter No. 74. (Ordinates arbitrary.) 


light. With high power certain zones are 
seen to contain hundreds of tiny granules 
which scatter light in the same way that dusty 
air scatters a beam of sunlight. Zones vary in 
the size and number of the granules they 
contain and appear red when there is so 
much scattering that the section is no longer 
effectively viewed in dark field. Under high 
power and oblique illumination the granules 
appear as tiny stars. With transmitted illu- 
mination they are seen as minute black 
specks. These granules are so small that oil 
immersion fails to resolve either their sur- 
face details or contours. 

The amount of fluorescence seen in a given 
portion of a tissue or from one tissue to 
another also varies. This variation in lenses 
is said to correlate well with their state, 
cataractous ones fluorescing better than non- 
cataractous ones.* Whether this variation is 
on a purely physical basis or whether chemi- 
cal alteration of the eosin occurs in some 
of the stained structures is not known. 


Summary 


An analysis of the new technique of illu- 
mination for microscopy recently published 
by Cibis has shown the following: 

1. Interference phenomena need not be 
postulated except where diffraction also oc- 
curs. Refraction likewise is of no practical 
significance in color production. 

2. Diffraction may account for the color 
reversals of pigments and heavily stained 
objects. 

3. Horizontal polarization occurs but is 
not necessary. The effects can be enhanced 
by polarizing the light vertically. 
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ILLUMINATION TECHNIQUE OF CIBIS 


4. Dark-field illumination is produced. 
(a) It is primarily responsible for the visi- 
bility of surface details and (by contrast) 
of scattering. (b) Dark-field examination 
makes visible the fluorescent effect on eosin. 

5. The effect of reflection alone is not 
known. Scattering produces obliteration of 
the dar: field and is then seen indirectly 
under low power by color shifts. 

6. Eosin absorbs and fluoresces light in 
a narrow green zone. It is therefore a 
dichroic transmitter (of red and blue) and 
a monochroic emitter (of green) and is 
capable of showing a variety of colors in the 
combination of these. Its fluorescence prop- 
erties may be chemically altered in some 
cases. 


The nature and significance of the zones 
of granules found in some lenses is not 
known. It is assumed that these zones are 
related to the zones of discontinuity seen 
biomicroscopically. Further work is needed 
on the submicroscopic anatomy of the lens. 

640 S. Kingshighway (10). 
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The lipidoses are a group of disorders 
which have in common a disturbance of 
lipid metabolism. The lipidoses include Tay- 
Sachs disease, Niemann-Pick disease, 
Gaucher’s disease, Hand-Schiiller-Christian 
disease, and the xanthomatoses. 

A specific lipid has been identified in 
Niemann-Pick’s disease, sphingomyelin '; 
in Gaucher’s disease, kerasin,? and in Hand- 
Schiiller-Christian disease, cholesterol. The 
xanthomatoses include those lipidoses in 
which cholesterol is the predominant lipid.* 
In the infantile cerebroretinal lipidosis, Tay- 
Sachs disease, the lipid involved is a 
cerebroside, provisionally designated as Sub- 
stance X, containing the characteristic amino 
acid neuramic acid.* 

In the lipidoses the lipids accumulate in 
various sites, in the viscera, central nervous 
system, skin, and skeleton.5 A somewhat 
similar tissue response occurs in all the 
lipidoses. The lipid is ingested by phago- 
cytes giving rise to “foam cells,” in addition 
to a lipid degeneration of tissue cells.5 The 
lipids may be confined to reticular cells and 
histiocytes, notably in the liver and spleen. 
They may affect ganglion cells of the central 
nervous system. They may involve the en- 
tire body, including the central nervous sys- 
tem.® 

This study concerns the type of lipidosis 
which occurs in infants, in which there is a 
striking feature of swelling of specific nerve 
cells with granules of a lipid nature, in the 
central nervous system and the retina. In 
the retina the specific portion that is involved 
is limited to the ganglion cell. This ganglion- 
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Infantile Cerebroretinal Lipidosis (Tay-Sachs Disease) 


SAMUEL GARTNER, M.D., New York, and MELVIN BRONSTEIN, M.D., Yonkers, N. Y. 


cell lipidosis is not confined to the macula 
but involves ganglion cells of the entire 
retina. The term cerebromacular degenera- 
tion, which has been used for this disease, 
is apparently erroneous. Amaurotic familial 
idiocy, as a term, describes the effect of the 
disease, resulting from extensive degenera- 
tion of the central nervous system. The 
term Tay-Sachs disease appropriately de- 
notes the original investigators. However, 
in view of our present knowledge, the name 
infantile cerebroretinal lipidosis seems more 
appropriate. 

A type of retinal lipidosis occurs in 30% 
of cases of Niemann-Pick disease. In 
Niemann-Pick disease there is always added 
a hepatosplenic component. Not included in 
the designation of cerebroretinal lipidosis 
is Hand-Schiiller Christian disease, in which 
there is no central nervous system involve- 
ment.® Spleen, skeleton, and skin, as well as 
the central nervous system, are affected in 
Gaucher’s disease.® 


A similar type of cerebroside has been 
identified in the juvenile form of amaurotic 
idiocy, or Spielmeyer-Vogt disease. This 
disease occurs at the age of 5 to 8 years. 
Pigmentary changes at the macula are seen 
rather than the cherry-red spot which is 
pathognomonic of the infantile disease.’ 
Pathologically there is lipid degeneration of 
the ganglion-cell layer of the retina.!” 
However, the outer retinal layers are also 
involved. The rod and cone layer is dis- 
rupted, with rarefaction and narrowing of 
the outer nuclear layer. This is followed by 
irregular proliferation of the pigment epithe- 
lium and invasion of the retina by pigment 
granules.'7 The cerebral and spinal pathol- 
ogy of the juvenile form is morphologically 
similar to the infantile form of cerebro- 
retinal lipidosis. 
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INFANTILE CEREBRORETINAL LIPIDOSIS 


Nineteen cases of infantile cerebroretinal 
lipidosis have been previously described in 
the literature in which autopsies have been 
performed and eyes have been examined 
post mortem.*7! They have been classified 
under various names, such as the infantile 
form of amaurotic idiocy, Tay-Sachs dis- 


ease, and cerebromacular degeneration. Five 
additional cases of infantile cerebroretinal 
lipidosis were studied histologically at 
Montefiore Hospital and form the basis of 
this report. The diagnosis in each case was 
verified at complete autopsy. The eyes were 
sectioned at the eye laboratory at this hos- 
pital. 


Fig. 2 (Case 2).— 
Age 15 months. Lipid- 
laden ganglion cells are 
seen most readily at the 
macula (arrows). Re- 
duced about 37% from 
mag. X 120. 
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Fig. 1 (Case 1).— 
Age 7 months. Swollen 
ganglion cells, laden with 
lipid material, are identi- 
fed throughout the 
ganglion-cell layer (ar- 
rows). Reduced 
37% from mag. X 360. 


Report of Cases 


Case 1.—The onset of symptoms was at 
the age of 3 months. A cherry-red spot at 
the macula was noted upon admission. The 
patient survived four months. Autopsy, at 
the age of 7 months, revealed swollen 
neurones with lipid material in the cerebral 
cortex and midbrain and in the basal ganglia. 
Swollen lipid-laden ganglion cells were 
noted throughout the retina. Partial optic 
atrophy was present. 

Case 2.—The onset of symptoms was at 
the age of 3 months. A cherry-red spot was 
noted at the macula. The infant survived 
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a period of 12 months. Autopsy, at the 
age of 15 months, revealed a well-developed 
brain. Ganglion cells were swollen through- 
out the cerebral cortex. Swollen Purkinje 
cells were seen in the cerebellum. In the 
retina ganglion cells were swollen with lipid 
granules. These cells were seen throughout 
the macula and periphery. All other cellular 
layers of the retina were intact. Optic 
atrophy was extensive. 

Case 3.—Symptoms were noted at the 
age of 5 months. A cherry-red spot was 
noted at the macula. The infant survived 13 
months longer. An autopsy was performed 
at the age of 18 months. The brain was 
large for the age of the infant. Ballooned 
ganglion cells were seen in the cerebral 
cortex, basal ganglia, and _ cerebellum. 
Ganglion cells, swollen with lipid material, 
were noted throughout the retina. All other 
cellular layers were intact. Optic atrophy 
was prominent. 

Case 4.—The age of onset of symptoms 
was at 6 months. A cherry-red spot was 
noted at the macula. The infant survived 19 
months longer and died at the age of 25 
months. Autopsy revealed many swellen 
lipid-laden cortical neurones in the cerebrum. 
There was atrophy of Purkinje cells in the 
cerebellum. Swollen neurones were identified 
in the brain stem. In the ganglion-cell layer 
of the retina many atrophic cells were seen, 
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cells are noted in the 
ganglion-cell layer (ar- 
rows). There is loss of 
multipolar form. The 
cytoplasm is granular. 
Small pale-staining nuclei 
are displaced toward the 
periphery of the cell. 
Reduced about 37% from 
mag. X 600. 


with numerous enlarged ganglion cells. 
There was a notable gliosis of the nerve 
fiber layer. All other cellular layers of the 
retina remained intact. Optic atrophy was 
present. 

Case 5.—Symptoms were noted at the age 
of 6 months. A cherry-red spot was noted 
at the macula. The infant survived 34 
months from onset of symptoms, which was 
the longest of the series. An autopsy was 
performed at the age of 40 months. Loss 
of substance in the white matter of the brain 
was noteworthy. Swollen and atrophic 
nerve cells were seen in the cortex and 
midbrain. Free fat was noted in macro- 
phages within the brain stem. The meninges 
were thickened. Complete demyelinization 
of the optic nerve was present. 

In the retina a rare swollen ganglion cell 
was identified. There was almost complete 
atrophy of the ganglion-cell layer. The 
nerve fiber layer was thin and gliosed. Other 
cellular layers of the retina were intact. 
Optic atrophy was complete. 


Comment 


As_ described by Sachs,’ infantile 
amaurotic familial idiocy is usually restricted 
to infants of Jewish extraction, as were four 
of the five in this report. The fifth was of 
Italian extraction. There is familial 
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INFANTILE CEREBRORETINAL LIPIDOSIS 


Fig. 4 (Case 5).— 
Age 40 months. Almost 
complete atrophy of the 
ganglion-cell layer. Only 
a rare swollen ganglion 
cell is identified (ar- 
rows). Other cellular 
layers of the retina are 
intact. Reduced about 
37% from mag. X 120. 


tendency. Consanguinity plays a part. There 
is no influence of sex. Onset is at about 4 
to 6 months of age. There is deterioration 
of mental processes, blindness, and progres- 
sive weakness. About 12 to 18 months is 
the usual period of survival." 

The characteristic histologic feature of 
amaurotic familial idiocy is the infiltration of 
neuronal cytoplasm with a granular re- 
fringent poorly stainable lipid substance."* 
These changes occur in the cortex, basal 
ganglia, cerebellum, medulla, spinal cord, 
spinal ganglia, and ganglion cells of the 
retina.* 

The retina usually shows a reduction of 
the number of ganglion cells. The remaining 
cells are swollen. There is loss of the multi- 
polar form. The cytoplasm is granular and 
eosinophilic. Small pale-staining nuclei are 
displaced toward the periphery of the cell 
(Fig. 3). There is loss of Nissl substance.™ 

Changes are most readily seen at the 
macula, where ganglion cells are in greatest 
number, but degeneration of ganglion cells 
throughout the retina is proportionately the 
same (Fig. 2). The nerve fiber layer is 
reduced as the ganglion cells die. Gliosis 
follows. An occasional swollen ganglion cell 
is noted in the inner nuclear layer."' All 
other cellular layers are preserved. The layer 
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of rods and cones and pigment epithelium 
are not affected. 

The optic nerve is atrophic, with de- 
myelinization secondary to ganglion-cell 
degeneration.** There is an increase of con- 
nective tissue, with hyperplastic septa.® 

When the brain is viewed grossly, the gyri 
are noted as narrow.* The sulci are 
broadened, with secondary exposure of the 
deeper crevices. Meningeal thickening and 
opacification is noted. Dissection of the 
cortex discloses indistinct demarcation be- 
tween gray and white matter. Mild 
ventricular dilatation may be seen.’* Similar 
infiltration of lipid within the neurone of 
the brain occurs, with swelling and displace- 
ment of the nuclei. There is ultimate atrophy 
and disintegration of the neurone. With the 
death of the cortical neurone, there is ex- 
tensive loss of white matter. With pro- 
tracted survival these changes may resemble 
those seen in Schilder’s disease.’ 

The period of survival in infaritile cere- 
broretinal lipidosis plays a major role in 
determining the anatomical changes in the 
retina. In three patients described who sur- 
vived less than 13 months, there was swelling 
of some of the retinal ganglion cells, along- 
side many normal neurones. Ballooned 
cells were noted throughout the retina, but 
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Case Reports of Infantile Cerebroretinal Lipidosis 


Age at Survival 


Case Death, from Onset Retina] Pathology 
Mo. of Symptoms, 
Mo. 

1 7 4 Dengetenns swollen ganglion 
ce! 

2 15 12 “aa swollen ganglion 
cel 

3 18 13 ~ a swollen ganglion 
cel 

4 25 19 — all ganglion cells af- 

5 40 34 Atrophy of ganglion-cell layer 


they were best seen at the macula where they 
are most numerous. Autopsies in these cases 
of brief survival reveal similar swelling of 
cerebral ganglion cells and an undistinguish- 
ing atrophy of the remaining central 
nervous system. 

Retinal ganglion-cell disintegration was 
more advanced in the remaining two cases, 
with survival of 19 and 34 months, re- 
spectively (Table). In the more protracted 
case ganglion-cell destruction was almost 
complete. The ganglion layer is almost 
completely atrophied, with glial replacement 
a prominent feature (Fig. 4). In like 
manner, autopsy of the brain in this pro- 
tracted case revealed marked degeneration 
of the white matter, secondary to destruc- 
tion of the cerebral cortical neurones. 

Careful pediatric and nursing supervision, 
with nasal tube and intravenous feeding 
and the liberal use of antibiotics, was ap- 
parently the reason for the long survival 
of the last case rather than any difference 
in the nature of the disease. 

Increasing numbers of cases with pro- 
longed survival may be anticipated. The in- 
vestigator will have, thereby, increased op- 
portunity for research in life. Bielschowsky 
suggested that there is lipid deposition in 
neurones from excess in the blood stream.’® 
Schaffer, on the other hand, suggested that 
the lipid is a product of degeneration of the 
affected cell. Future investigation may 
yield the basic mechanism of this lipid 
neuronal infiltration, now invariably fatal. 

Some disorders cause extensive damage to 
many areas of the retina. Infantile cerebro- 
retinal lipidosis is a disease with specific 
damage to the ganglion-cell layer of the 
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retina. Apparently no other cells are affected 
in the retina. 


Summary 

Five cases of infantile cerebroretinal 
lipidosis are reported. This term denotes 
our present concept of the pathologic 
changes in cases previously called cerebro- 
macular degeneration, infantile amaurotic 
familial idiocy, and Tay-Sachs disease. 

The term cerebromacular degeneration is 
a misnomer. Degeneration is not confined 
to the macula but involves the entire 
ganglion-cell layer. 

Diseased ganglion cells in infantile cere- 
broretinal lipidosis progress from an early 
stage of swelling to complete disintegration. 

This is a specific disease of the retinal 
ganglion cell and the central nervous system. 


1749 Grand Concourse (53). 
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Elaboration of Bicarbonate Ion in Intraocular Fluids 


V. Contribution of the Lens to the Chemistry of Aqueous Humors of the 


Rabbit Eye 


HARRY GREEN, Ph.D.; MAYER J. MANN, A.B., and SATYA DEV PAUL, M.D., Philadelphia 


During the past two decades experimental 
and clinical investigations of the dynamics 
of aqueous humor formation have been 
largely influenced by the theories proposed 
by Friedenwald' and Kinsey. Thus, the 
active transport of the bicarbonate ion across 
the ciliary epithelium into the posterior 
chamber is regarded as the primary and 
fundamental step in the secretion of aqueous 
humor of the rabbit eye. That the bicarbo- 
nate ion is actively transported into the 
posterior chamber is, however, based es- 
sentially upon the findings of Kinsey ® that 
the bicarbonate ion concentration in the 
aqueous humor is in considerable excess of 
that in the blood plasma. Similarly, the 
aqueous humors of other animals, such as 
guinea pig, dog, cat, and rat,* have been 
shown to have excesses of bicarbonate in 
comparison with blood plasma. The existence 
of this concentration gradient together with 
the probability that the ciliary body is largely 
responsible for the formation of the aqueous 
humor has led to the widely accepted view 
that the elaboration of the bicarbonate ion 
in the posterior chamber of the rabbit eye 
is dependent upon the secretory activity of 
the ciliary body. As far as we are aware, 
except for a suggestion made by Kinsey ? 
in a diagram that some of the bicarbonate 
ion in the posterior chamber of the rabbit 
eye is in diffusional exchange with the blood 
bicarbonate, the published literature has pre- 
sumed that the bicarbonate in the posterior 
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chamber is derived solely from the secretory 
activity of the ciliary body, as described by 
Friedenwald.!| With regard to the anterior 
chamber aqueous humor Kinsey and Palm ® 
have deduced from experimental studies 
with Na** and thiocyanate that about 42% 
of the bicarbonate concentration enters by 
flow from the posterior chamber and 58% 
enters by diffusion from the blood. 

Other than the above roles that the an- 
terior uveal tissue is presumed to play in 
the elaboration and maintenance of the 
bicarbonate concentration in the aqueous 
humor of the rabbit eye, the possible con- 
tribution of other intraocular tissues has not 
been investigated. This investigation was 
undertaken to determine whether the lens is 
involved in the elaboration and maintenance 
of the bicarbonate ion concentration in the 
aqueous humor of the rabbit eye. 


Procedure 


The procedures of removing the aqueous 
humors from the anterior and posterior 
chambers, preparation of the arterial blood 
plasma, and analysis of the bicarbonate ion 
concentration were the same as previously 
described. The pH of the fluids was de- 
termined under anaerobic conditions as pre- 
viously described.® 

Production of Massage Cataracts—The 
rabbits were anesthetized by the intravenous 
injection of pentobarbital sodium. Tetra- 
caine (Pontocaine) hydrochloride (0.5%) 
was instilled in the lower conjunctival cul-de- 
sac, and a small incision in the cornea, about 
1 mm. from the limbus, was made with a 
narrow keratome. The anterior surface of 
the lens was gently massaged for three to 
five minutes with an iris repositor. After 
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completion of the procedure the anterior 
chamber was irrigated with isotonic saline; 
the iris was reposited, and atropine was 
dropped into the eye. The cornea was not 
sutured. In order to achieve rather complete 
opacification of the lens, the procedure was 
repeated three to five times at intervals 
of from two to three weeks. 


Slit-lamp examination two weeks after 
the final massage and one day before 
chemical analysis of the aqueous humors 
revealed the anterior lens capsule and an- 
terior cortex to be completely opaque, except 
for a clear transparent ring just below the 
epithelium around the equator, approxi- 
mately 0.5 mm. deep. A few spets of uveal 
pigment were visible on the anterior lens 
capsule, but there were no evident signs of 
active iridocyclitis. The pupil was fairly 
active. In a few animals the anterior 
chamber appeared to be somewhat shallow. 


Intraocular pressure of the cataractous 
eye, as measured by the Schiotz tonometer, 
two weeks after the final massage procedure, 
was within the normal range and essentially 
similar to the intraocular pressure of the 
contralateral, untreated, normal eye, used as 
a control. 

Lens Extraction—The rabbits were 
given an intravenous injection of pento- 
barbital sodium and a retrobulbar injection 
of procaine (Novocain) and epinephrine 
(1:50,000). The pupil was dilated by the 
drop instillation of 1% atropine. Tetracaine 
hydrochloride (0.5%) was instilled into the 
lower conjunctival cul-de-sac. Without a 
prior conjunctival flap, a keratome section 
was made 1 mm. inside the limbus. The 
section was enlarged to 180 degrees by 
corneal scissors.* The anterior capsule was 
stripped off with a cystotome and capsu- 
lotomy forceps, and the lens nucleus and 
Initially peripheral iridotomy was performed 
on a few eyes. However, in most cases a simple 
extraction was performed through a dilated pupil. 
The iridotomy had no apparent effect upon the 
bicarbonate concentration of the aqueous humor 
as determined by experiments in which only iridot- 
omies, without lens extraction, were performed 
on control eyes. 
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cortex were expressed with a lens expresser 
and spoon.t The anterior chamber was 
thoroughly irrigated with saline in order to 
remove as much cortical material as possible. 
The iris was reposited, and the cornea was 
sutured by four or five postplaced corneal- 
scleral 000000 chromic surgical (gut) 
sutures. A small bubble of air was intro- 
duced into the anterior chamber. 

Postoperatively atropine and erythromycin 
(Erythrocin) ointment were applied locally, 
and penicillin was given intramuscularly 
during the first seven days, or until all signs 
of uveitis had disappeared. In all cases a 
peripheral anterior synechia was present in 
the area of the wound. No evidence of 
retinal detachment or vitreous degeneration 
could be detected by ophthalmoscopy or slit- 
lamp examination, 

In some animals the intraocular pressure 
of the eye operated on, as measured with the 
Schietz tonometer, was lower than that of 
the contralateral, not operated on, normal 
eye. 

The aqueous humors were removed four 
to five weeks after the lens extraction and 
analyzed. The eyes were enucleated some 
three weeks later for gross and histologic 
examination. In only one case was a gross 
detachment of the retina present. Some 
cortical material and posterior capsule re- 
mained in all cases. The vitreous body and 
retina were healthy ; there were no signs of 
inflammation in the iris, ciliary body, or 
optic nerve. There was no evidence of any 
choroidal or subclinical retinal detachment. 


Results 


Bicarbonate Ion Concentration —Normal 
and Cataractous Eyes (Table 1): In 9 of 
the 10 animals used the bicarbonate con- 
centration of the aqueous humor in the 
anterior chambers of the normal eyes was 
higher than that in the opposite, cataractous 
eyes. The average difference between the 
two eyes was 5%, which is just statistically 
significant within 95% confidence limits. 


f All attempts to achieve an intracapsular ex- 
traction failed. 
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Humors of Rabbit Eye With and 
Without Cataract 


Taste 1.—Bicarbonate Concentration of Aqueous Taste 2.—Bicarbonate Concentration o 


Bicarbonate Concentration, mM./L. 


Anterior Chamber 


0. 8. 


Ratio 


d 1 A d 

33.4 33.1 1.009 39.7 42.1 0.943 26.6 
32.3 31.2 1 32.6 37.7 0.865 22.2 
30.9 27.4 1.128 20 37.3 0.912 21.4 
29.1 28.6 1.017 39.4 32.7 1.205 20.9 
30.2 26.7 1.131 39.1 32.8 1.192 14.4 
26.7 25.4 1.051 32.4 35.5 0.913 15.6 
31.8 28.1 1.132 403 38.4 1.049 21.2 

32.9 32.4 1.015 19.6 
24.8 269 0922 314 35.1 0.895 18.9 


Posterior Chamber os 


1.08 


* O. D., normal eye; O. 8., cataractous eye. 
t Ratio of O. D. to O. 8. values. 


The absolute difference (1.5 mM. per liter) 
represents 5% of the total bicarbonate con- 
centration (30.3 mM. per liter) and 15% 
of the excess (10 mM. per liter) normally 
existing in the anterior aqueous humor over 
that of the arterial blood plasma. In the 
same animals the bicarbonate concentration 
in the posterior chamber aqueous humor was, 
on the average, not affected by the presence 
of the cataract. 

Normal and Aphakic Eyes (Table 2): 
In all seven animals studied the bicarbonate 
ion concentration in the aqueous humors of 
the normal eyes was significantly higher than 
in the opposite, aphakic eyes. In the anterior 
chamber fluid the average difference between 
the two eyes was 8%, while in the posterior 
chamber fluid the average difference was 
13%. The absolute difference in the an- 
terior chamber fluid (2.3 mM. per liter) 
represented 7% of the total bicarbonate con- 
centration in that chamber and 22% of 


TasBLe 3.—Bicarbonate Concentration Aqueous 
Humor in Fourteen Other Rabbits With and 
Without Lens: Summary of Results 


Bicarbonate in Anterior Chamber, mM./L. 
Normal * 


Aphakic Ratio 
Av. 29.7 27.5 1.080 
8. D. 2.40 2.40 0.130 
8. E. 0.651 0.652 0.035 


* O. S., normal eye; O. D., aphakic eye. 
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Aqueous 
Humors of Rabbit Eye With and Without Lens 


Bicarbonate Concentration, mM./L. 


Anterior Chamber Posterior Chamber ‘umes 
Nor- Apha- Ratiot Nor- — Ratio 
kic mal ie 
039 40.0 1.2238 «(15.6 
35.3 323 1.093 39.8 34.0 1.171 23.9 
33.0 29.9 1.104 39.7 34.1 1.164 23.0 
29.6 27.5 1076 388 34.6 1.121 21.0 
30. 30.1 1.020 35.8 33.9 1.056 23.3 
31.7 23.8 1.101 33.6 32.0 1.050 21.6 
Av. 32.3 30.0 1.076 38.7 34.3 1.128 621.8 
8. D. 1.51 141 0.036 2.89 2.27 0.059 2.76 
8. E. 0.570 0.0136 1.091 0.857 0.0223 1.045 


* O. S., normal eye; O. D., aphakic eye. 
t Ratio of seven to aphakie values. 


the excess bicarbonate concentration (10.5 
mM. per liter) over that in the arterial 
blood plasma. In a separate series of experi- 
ments with 14 other rabbits (Table 3) the 
bicarbonate concentration in the aqueous 
humor of the anterior chamber of the nor- 
mal eyes was higher than in the opposite, 
aphakic eyes by 8%. The absolute difference 
in the posterior chamber fluid (4.3 mM. per 
liter) represented 11% of the total bicar- 
bonate concentration in that chamber and 
25% of the excess concentration (16.9 mM. 
per liter) over that in the arterial blood 
plasma. 

The pH of Normal and Aphakic Eyes 
(Table 4): The average pH of the anterior 
aqueous humors from eight aphakic eyes 
was 0.051 units lower than in the opposite, 
normal eyes. This slight difference, how- 
ever, was not statistically significant. 


TaBLE 4—pH of Aqueous Humor of Anterior 
Chamber of Rabbit Eye With and 
Without Lens 


PH of Anterior Chamber Aqueous 


Normal * Aphakie Dif. Blood t¢ 
7.611 7.596 —0.015 7.393 
7.552 7.563 +0.011 7.355 
7.531 7.561 +0.030 7.363 
7.642 7.468 —0.174 7.350 
7.580 7.467 —0.113 7.404 
7.622 7.538 —0.084 7.379 
7.646 7.489 —0.157 7.486 
7.507 7.504 +0.087 7.468 
Av. 7.586 7.535 —0.051 7.400 
8. D. 0.031 0.049 0.088 0.040 
8. E. 0.0113 0.0173 0.0312 0.0141 


* O. 8., normal eye; O. D., aphakic eye. 


t Arterial whole blood. 
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Comment 


The results of this investigation clearly 
indicate that the bicarbonate concentration 
in the aqueous humor of a rabbit eye whose 
lens has been either made cataractous by 
massage or removed is significantly lower 
than that in the opposite, normal eye. Be- 
cause of the interdependent relationship be- 
tween the chemical properties of the 
aqueous humor and the functioning of the 
lens, it is reasonable to assume that under 
the experimental conditions the metabolic 
activity of the lens was effectively eliminated 
as a factor contributing to the chemistry 
of the aqueous humor. This presupposes, of 
course, that normally the metabolic activity 
of the lens appreciably contributes to the 
bicarbonate concentration of the aqueous 
humor. The most direct way for this to be 
accomplished is for CO» produced by the 
lens to be converted into bicarbonate into the 
aqueous humor. 


The available experimental evidence sug- 
gests that the normal transparent rabbit 
lens has the capacity to contribute signifi- 
cantly to the bicarbonate concentration of 
the aqueous humor. Huysmans and 
Fischer 7 demonstrated that explanted rabbit 
lenses (306 mg. and 427 mg. wet weight) 
incubated in phosphate buffer at pH 7.2 
at 37.5 C in the presence of 100 mg. of 
glucose per 100 cc. consumed 0.105 to 0.126 
mg. of Os in six hours. With a respiratory 
quotient of 1 for the lens it can be shown 
that under the experimental conditions 0.04 
to 0.05 micromoles of CO2 was formed per 
minute. Similarly, Ely * observed that the 
average Qoe (microliters of O2 consumed 
per milligram of dry weight per hour) for 
25 explanted lenses (average estimated wet 
weight, 300 mg.) maintained in Ringer’s 
solution at pH 7.35 at 37.5 C was 0.09, 
which is equivalent to the formation of COz 
of 0.0063 micromoles per minute. On the 
basis that the rate of formation of aqueous 
humor in the rabbit eye is about 3.5 micro- 
liters per minute ® and that the bicarbonate 
concentrations in the aqueous humors of 
the anterior and posterior chambers are 30 


Green et al. 
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mM. per liter and 36 mM. per liter, re- 
spectively, it can be calculated that the rate 
of turnover of bicarbonate by flow in the 
two chamber fluids is, respectively, 0.105 
and 0.126 micromoles per minute. Thus, ac- 
cording to Huysmans and Fischer’s? data 
rate of formation of CO2 by the explanted 
rabbit lens amounts to about 43% of flow 
rate of bicarbonate in the anterior chamber 
and 26% of the flow rate of bicarbonate in 
the posterior chamber, while according to 
Ely’s * results these two values are 6% and 
5%, respectively.t| Furthermore, since the 
experimental conditions of the above in- 
vestigators were undoubtedly suboptimal, for 
example, with respect to necessary co-factors 
and other ingredients normally present in 
aqueous humor as well as any possible 
physiologic regulator of metabolism, the 
actual values for the production of CO: in 
vivo may be higher... These experimental 
findings together with the evidence 1°" of 
the presence of carbonic anhydrase in the 
rabbit lens suggest that the metabolic 
activity of the lens may contribute to the 
bicarbonate concentration of the aqueous 
humor. 


From a more dynamic viewpoint, the 
metabolic activity of the lens may influence 
the forces responsible for the elaboration of 
the bicarbonate ion in the aqueous humors. 
Thus, the continuous discharge of metabolic 
acids, chiefly lactic,t from the lens into the 
aqueous humor § requires that the latter con- 
tinuously provide the buffering capacity to 
neutralize the pH-lowering-effect of the acid. 
The elaboration and maintenance of the 
relatively high bicarbonate concentration in 


+ These differences may be due to the different 
incubation media employed by the investigators and 
to the fact that in the experiments of Huysmans 
and Fischer no particular caution was observed to 
prevent rupture of the capsule. Injury to the lens 
capsule leads to an increase in oxygen uptake. 

tHuysmans and Fischer’ and Merriam and 
Kinsey * showed that explanted rabbit lenses main- 
tained at 37 C in phosphate buffer or in cattle 
aqueous humor produced 0.015 micromoles of lactic 
acid per minute. 

§ Weekers™* demonstrated that lactic acid is 
freely diffusible into and out of the rabbit lens. 
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the aqueous humor, therefore, may reflect, 
in part, a physiologic response to the acid 
products of lens metabolism. In this con- 
nection, Davson** first suggested that the 
high concentration of bicarbonate in the 
aqueous humor of some _ experimental 
animals was related to the metabolic activity 
of the intraocular tissues—lens, cornea, and 
retina—and served essentially as a buffering 
mechanism against the formation of acid 
metabolites by these tissues. 

In accordance with the physiologic rela- 
tionship presumed to exist between the 
metabolism of the lens and the forces re- 
sponsible for the high concentration of 
bicarbonate ion in the aqueous humor, a 
suppression of the continuous discharge of 
lactic acid from the lens, associated with 
massage cataract’ or lens _removal,’® 
should elicit a decrease in the rate of elabora- 
tion of bicarbonate ion in the aqueous 
humor, with a resultant fall in the concen- 
tration. This could, of course, be accom- 
plished without any appreciable effect upon 
the pH of the aqueous humor. The observed 
lowering of the bicarbonate concentration 
of the aqueous humor without a significant 
effect upon the pH is consistent with the 
above expectations. The fact that the 
presence of the cataract had no appreciable 
effect upon the bicarbonate concentration 
in the posterior chamber and only a slight 
effect upon that in the anterior chamber 
suggests that the production of the massage 
cataract was not accompanied by any ex- 
tensive suppression of the metabolic activity 
of the lens, 

It is at once apparent from the above 
discussion that the two indicated ways in 
which the metabolic activity of the normal 
lens can influence the bicarbonate concentra- 
tion of the aqueous humor may tend to 
cancel each other. Thus, the formation of 
COz and its subsequent conversion to bi- 
carbonate tend to increase the concentration 
in the aqueous humor, while the production 
of lactic acid tends to decrease the concentra- 
tion. The data of Huysmans and Fischer * 
are insufficient to provide quantitative ac- 
curacy in the resoiution of this problem, 
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while the more refined and extensive experi- 
ments of Ely*® did not include the sim- 
ultaneous determination of lactic acid 
production by the lens with which to compare 
the production of CO2. The observations of 
Kinoshita,'* on the other hand, provide a 
more reliable basis for the quantitative 
evaluation of the relative contributions of 
the above-described mechanisms by which 
the metabolic activity of the lens influ- 
ences the bicarbonate concentration of the 
aqueous humor. After establishing that the 
production of COz by the bovine and rabbit 
lens occurred almost wholly via the direct oxi- 
dative route, rather than by the citric acid 
cycle, Kinoshita concluded from experiments 
with 1-C'* glucose and 6-C' glucose that 
the ratio of lactic acid produced to COs 
formed was 8:1; in other words, for every 
four molecules of glucose utilized to produce 
eight molecules of lactic acid, one molecule 
of glucose was shunted through the direct 
oxidative route, with the formation of one 
molecule of COs. These results, therefore, 
indicate that the metabolic acids of the lens 
tend more to neutralize the bicarbonate of 
the aqueous than the formation of COs 
contributes to the concentration. This rela- 
tionship is indeed consistent with the concept 
that the metabolic activity of the lens is 
predominantly anaerobic in nature. 

From the available evidence, therefore, 
it seems reasonable to conclude that, while 
the normal metabolic activity of the lens 
may contribute directly a small but signifi- 
cant quantity of bicarbonate to the aqueous 
humor, the major effect upon the latter is 
determined by the metabolic acids released. 
The continuous discharge of lactic acid, by 
the lens, for example, is partly responsible 
for the relatively high bicarbonate concen- 
tration required in the aqueous humor. By 
the same token, the observed fall in the 
bicarbonate concentration of the aqueous 
humors attendant upon the elimination of the 
metabolic activity of the lens is assumed 
to be primarily related to the decreased rate 
of elaboration of the bicarbonate ion as a 
result of the decreased demand. The fact 
that the pH of the aqueous humor of the 


Vol. 59, April, 1958 


‘ 
: 

4 
3 


anterior chamber remained essentially un- 
changed is consistent with this concept. 
Confirmation of this concept, however, de- 
pends upon the measurement of the rate of 
elaboration of bicarbonate ion in the aqueous 
humors under the given experimental condi- 
tions. These experiments are now in 
progress, 

The findings of this investigation are of 
especial interest with regard to our under- 
standing of the factors responsible for the 
formation of aqueous humor. Although 
considerable attention has been given to the 
primary role that the elaboration of the 
bicarbonate ion by the ciliary body may play 
in the secretion of aqueous humor, direct 
experimental evidence for this concept is 
lacking. The experimental conditions of the 
present investigation offer a unique op- 
portunity of verifying this basic postulate 
of the secretion-diffusion theory. For, if the 
rate of elaboration of the bicarbonate ion in 
the aphakic aqueous humor is decreased, 
then measurement of the rate of aqueous 
humor formation would provide a good 
basis for experimental testing of the rela- 
tionship of these two events. Experiments 
along these lines are in progress. 


Summary 


The bicarbonate ion concentration of the 
aqueous humors of normal rabbit eyes was 
compared with that of eyes in which the 
lens was made cataractous by massage or 
removed by extracapsular extraction. 


The bicarbonate concentration of the 
aqueous humors of the normal rabbit eye 
was higher than that in the aphakic eyes (by 
8% in the anterior chamber and 13% in 
the posterior chamber), and higher by 5% 
than that in the aqueous humor of the an- 
terior chamber of the cataractous eye. The 
presence of the cataract had no effect upon 


the bicarbonate concentration in the posterior 
chamber. 


The possible ways by which the lens 
could contribute to or influence the bicarbo- 
nate concentration of the aqueous humors 
are discussed. On the basis of the available 
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evidence it is reasonable to conclude that, 
while the normal metabolic activity of the 
lens may contribute directly a small but 
significant quantity of bicarbonate to the 
aqueous humor, the continuous discharge of 
lactic acid into the aqueous humor requires 
a constant elaboration of bicarbonate to 
neutralize the metabolic acid. It is, there- 
fore, suggested that the observed lowering 
of the bicarbonate concentration of the 
aqueous humors was a direct consequence 
of the suppression of active transfer of the 
ion into the aqueous humor attendant upon 
the removal of the lens. 


Wills Eye Hospital, 1601 Spring Garden St. 
(30). 
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Acetazolamide 


RALPH Z. LEVENE, M.D., New York 


Investigations of the normal osmolar re- 
lationship between aqueous and plasma have 
demonstrated an aqueous osmolar excess in 
several mammalian This ex- 
cess is considered to be the dominant driving 
force in aqueous humor formation.’7*1® As 
acetazolamide significantly decreases the 
aqueous flow rate,**?! an alteration in the 
aqueous-to-plasma osmolar relationship 
might reasonably be expected following the 
administration of the drug. Urrets-Zavalia 
and Remedi ** have demonstrated a lowering 
of the osmolar concentration in the dog 
aqueous following administration of aceta- 
zolamide, on the basis of alterations in 
electrical conductivity. However, no asso- 
ciated plasma values are reported. The 
present investigation has been undertaken as 
a further study of the aqueous-to-plasma 
osmolar relationship. 


Method 


Adult male albino rabbits weighing from 
2.5 to 3.5 kg. were utilized, and each eye 
was used only once for aqueous puncture. 
They were allowed food (Wayne Rabbit 
Pellets) and water without restriction. Twen- 
ty-four hours before use they were trans- 
ferred from the regular animal room to 
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Osmolarity in the Normal State and Following 


an air-conditioned laboratory where all ex- 
perimental procedures were ultimately car- 
ried out. Six adult mongrel dogs of both 
sexes, weighing from 13 to 18 kg., were 
also utilized. 

Acetazolamide was administered as a 10% 
solution of a sodium salt in distilled water. 
Rabbits received a single dose of 100 mg. 
per kilogram of body weight intraperitone- 
ally. Dogs received a single dose of 50 mg. 
per kilogram of body weight intravenously. 
Isotonic saline was administered to rabbits 
intraperitoneally in a single dose of 1 ml. 
per kilogram of body weight. 

All procedures were carried out on the 
restrained conscious animal, with use of 
topical tetracaine (Pontocaine) anesthesia. 
Blood samples were obtained with a hepa- 
rinized syringe by cardiac puncture in rabbits 
and venipuncture of the foreleg in dogs. 
All syringes were lightly coated with a 
silicone lubricant to minimize evaporation 
and carbon dioxide loss. The blood samples 
were immediately centrifuged anaerobically, 
and a plasma sample was then withdrawn 
into a second tuberculin syringe. All samples 
were weighed to an accuracy of 0.1 mg. 

In all cases control blood and aqueous 
samples were initially withdrawn from the 
right eye. After an interval of four to five 
days, acetazolamide or saline was ad- 
ministered and a second set of blood and 
aqueous samples was subsequently removed 
from the left eye. The time interval fol- 
lowing the control sampling was allowed in 
order to minimize the disturbing effects of 
the initial cardiac and aqueous punctures. 

Freezing-point depressions were deter- 
mined with the Fiske osmometer. A 0.2 ml. 
sample was utilized, and all analyses were 
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performed within 30 minutes of the sample 
withdrawal. Three readings of each sample 
were obtained within two to three minutes. 
The instrument error was determined by a 
comparison of the results from sample pairs 
of a standard solution in the normal range. 
The mean absolute difference between mem- 
bers of each pair was 0.5% of the mean 
standard value for eight pairs. According 
to Meschia and Barron,”? the error from 
carbon dioxide loss is negligible. Osmolal 
concentrations were calculated with osmotic 
coefficients based on the freezing-point data 
of the International Critical Tables ?* and 
a cryoscopic constant for water of 1.86. As 
Smith ** has pointed out, these osmotic co- 
efficients refer to osmotic activities at 0 to 
—2 C and not at 37.5 C. If the activity 
is temperature-dependent, the present coeffi- 
cients must be used with reservation. 

Tonometry was done on the restrained 
animal with a calibrated Schiotz tonometer 
and a 5.5 gm. weight. Results are reported 
in scale units. 

Concentrations are expressed as millimoles 
or milliosmoles per kilogram of water, with 
assumption of a 7% solid content for plasma 
and negligible content for aqueous. Statisti- 
cal analysis included calculation of the 
standard deviation and standard error of 
the mean and use of Fisher’s t-test for the 


determination of the significance between 
means.° 


Tas_e 2.—Osmolar Difference 
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Between Aqueous and Plasma 


Taste 1.—Normal Osmolal Concentrations in the 
Rabbit * 


Osmolal Concentration, mOsm./Kg. of Water 


Rabbits, 
No. Aqueous Plasma Aq.—Pl. 
55 300.6+0.9 298.5+1.0 2.00.6 
(+6.7) (+7.3) (+4.7) 


0.005> P>0.001. 


Results 


The normal values of osmolal concentra- 
tions in rabbit aqueous and plasma are 
presented in Table 1. The aqueous osmolal 
excess is statistically significant, although the 
magnitude is less than the values obtained by 
other investigators with the thermoelectric 
vapor-pressure method. For comparison, a 
review of the recent literature is presented 
in Table 2. The deficit of aqueous osmolality 
reported by Benham et al.7 in 1937 is 
probably related to the use of a general 
anesthesia that elevated the plasma osmolal- 
ity. Davson and Purvis" suggest that the 
discrepancy of their results is due to an 
artifact effect of the cryoscopic technique 
when it is used for comparison of fluids 
with different protein concentrations. Kin- 
sey '? and Roepke ** found that no significant 
error was introduced by a protein concen- 
tration difference with the thermoelectric 
vapor-pressure method. The osmolality of 
a standard saline solution was determined by 
the present technique with and without the 


Reference Species & Method Aq.—PIl. Aq.—PIl.,* 
Sample Size mOsm. /Ke. Water 
Gilman & Yudkin 1933 Dog (27) Thermoelectric of Hill 0 mM. NaCl/L. 0 


Benham et al. 1937 Cat (6) 


Benham et al. 1938 


Thermoelectric of Baldes t 
Human (21) Thermoelectric of Baldes 


—1.8 mM. NaCl/L. 


+4.0 mM. NaCl/L. +74 
Benham et al. 1938 Dog (14) Thermoelectric of Baldes +4.5 mM. NaCl/L. +8.3 
Kirwan 1938 Human (7) Thermoelectric of Baldes —28 mm. Hg 


Roepke & Hetherington 1940 Dog (4) 


Roepke & Hetherington 1940 Dog (4) 


Thermoelectric of Baldes 


+5.4 mM. NaCli/kg. 


Thermoelectric of Baldes ¢ +3.3 mM. NaCl/kg. +6.5 
Roepke & Hetherington 1940 Rabbit (4) Thermoelectric of Baldes ¢ +1.9 mM. NaCi/kg. +3.5 
Schaeffer 1950 Human (4) Barger Aq.>PI., slightly 
Kinsey 1950 Rabbit (22) Thermoelectric of Baldes +3.0 mM. NaCl/kg. +5.6 
Davson & Purvis 1954 Rabbit Cryoscopic —2% of normal conc. —5.8 


* Calculated with osmotic coefficient of 1.85. 
+ General anesthesia utilized. 
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OSMOLARITY 


TABLE 3.—The Effect of Paracentesis on Aqueous 
Osmolality 


Aqueous Osmolality, mOsm./Kg. of Water 


Right Eye * Left Eye 0. 8.— 0. D. 
289.1 293.0 +3.9 
300.6 209.2 —1L4 
290.1 +4.6 
294.2 296.0 +18 
297.8 +5.3 
286.1 290.0 +3. 
Mean +3.02 ¢ 


* Paracentesis 46 to 60 minutes before sampling. 
0.05> P>0.025. 


addition of protein, and no significant devia- 
tion was found for a protein concentration 
difference within the normal plasma range. 
It is important to note that the temperature 
of the fluids analyzed by the cryoscopic 
technique is approximately 0 C, while with 
the vapor-pressure method it is approxi- 
mately room temperature. If the osmolal 
concentrations of aqueous and plasma are 
temperature-dependent, a difference in the 
results by the two methods would be anti- 
cipated. 

The results presented in Table 3 illustrate 
that ocular paracentesis 45 to 60 minutes 
before sampling significantly lowered the 
aqueous osmolal concentration. Benham et 
al. have demonstrated a similar effect in 
three dogs with use of the vapor-pressure 
method. This decrease is attributed to the 
equalization of osmolal concentrations across 
a more permeable blood-aqueous barrier. 

The results in Table 4 illustrate the effect 
of intraperitoneal administration of aceta- 
zolamide on the intraocular pressure of 12 
rabbits during the first hour. With use of 
an elevation of 3 scale units or more as a 
criterion for a significant lowering of intra- 
ocular pressure,* a positive response was 
obtained in 5 eyes of a total of 24 (Rabbits 
6, 8, and 12). These results are comparable 
to those of Green et al.4® during the first 
60 minutes following intravenous administra- 
tion of acetazolamide, where a positive re- 
sponse was obtained in 10 eyes of a total 
of 40. Ballintyne and Maren,? using a 
slightly more stringent criterion of signif- 
icance, reported 6 reactors of a total of 40 
rabbits after the use of the intravenous 
route. Becker and Constant * have demon- 
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TaBLE 4—Tonometry After Acetazolamide * 


Ocular Pressure (Schiotz),t Scale Units 


Rabbit No. 
Control 15 Min. 30 Min. 45 Min. 60 Min. 

1 oO.D. 3.5 4.0 3.0 3.0 3.0 
0. 8. 4.0 4.0 3.5 4.0 5.0 
2 oO.D. 45 5.5 5.0 5.0 5.0 
0. 8. 5.0 5.0 70 6.5 6.0 
3 O.D. 4.0 3.5 3.5 3.5 3.0 
0. 8. 4.0 40 4.0 4.0 40 
4 OD. 7.0 70 70 70 70 
0.8. 7.0 75 70 70 70 
&§ O.D. 3.5 5.0 6.0 6.0 6.0 
0. 8. 4.0 5.0 5.0 5.5 5.5 
6 oO.D. 4.0 5.0 6.0 5.0 
0.8. 4.5 6.0 7.5 5.0 6.5 
7 @&D. 4.5 4.5 4.5 49 40 
QO. 8. 3.5 3.0 3.5 4.0 
8 oO.D. 3.5 4.5 70 6.5 6.5 
0. 8. 4.0 6.0 6.5 70 
9 oO.D. 3.0 4.0 3.5 3.5 5.0 
0. 8. 5.0 5.0 4.5 5.0 
10) 60. D. 70 3.5 4.0 5.5 4.0 
0.8. 70 5.5 6.0 5.0 
6 4.0 2.5 3.5 3.0 4.0 
oO. 8. 3.0 3.5 3.0 2.5 3.0 
iz O.D. 4.0 6.0 70 4.0 4.0 
0.8. 3.5 70 3.0 45 


* Single dose, 100 mg. per kilogram of body weight intraperi- 
t The 5.5 gm. weight was used. 


strated that the absence of a significant 
pressure decrease in most cases of the 
so-called nonreactors was due to an increase 
in the outflow resistance. A decreased flow 
rate was present in a large majority of these 
cases. The presence of positive responses af- 
ter intravenous or intraperitoneal adminis- 
tration of the drug suggests that the ocular 
effect of acetazolamide is not significantly 
altered by use of the latter route. 

The data in Table 5 illustrate that saline 
did not significantly alter the rabbit aqueous 
and plasma osmolal concentrations two and 
one-half hours after administration. The 
results in Table 6 demonstrate that aceta- 
zolamide, in comparison with saline, did have 
a small but significant effect on the rabbit 


Taste 5.—The Effect of Isotonic Saline on the 
Osmolal Concentrations of Aqueous and 
Plasma * 


mOsm./Kg. of Water t 


Control Saline Difference 
(Contr.—Sal.) 

Aqueous 299.1+1.6 297.2+1.7 +1.941.2 

(+6.6) (47.1) (+5.1) 
Plasma 298.0+2.1 298.8+1.2 —0.842.1 

(28.9) (45.2) (+8.8) 
Aq.—Pi. —1.6+1.6 

(+6.9) 


* Saline 1 ml. per kilogram of body weight i. p. two and one- 
half hours before sampling. 

t Results expressed as mean of 18 determinations + standard 
error of the mean (+ 8S. D.). Aq. diff., 0.20>P>0.10; Pl. diff., 
0.80> P>0.70; Aq. diff. to Pl. diff., 0.30> P>0.25. 
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TABLE 6. 


Osmolal Concentrations vt Aqueous 
and Plasma* 


A. M. A, ARCHIVES OF OPHTHALMOLOGY 
6—The Effect of Acetazolamide on the 


Taste 7.—Effect of Saline or Acetazolamide on 
the Osmolal a of Aqueous and 


mOsm./Kg. of Water t 


Control Acetazolamide 


Aqueous 


301.841.5 294.941.0 9+1.3 
(+6.7) (+4.3) (45.6) 
Plasma 298.2+1.6 292.341.5 +5.941.4 
(+6.9) (+6.4) (+6.0) 
Aq.—Pl. +2.6+1.0 
(+4.3) 


bs Lane. 100 mg. per kilogram of body weight i. p. two 
and one-half hours before sampling 

t Results expressed as mean of I 18 determinations + standard 
error of the mean (+ 8. D.). Aq. (acetazolamide diff. to saline 
diff.), 0.010> P>0.005; Pl. (acetazolamide diff. to saline diff.), 
P=0.010; Aq.—PIl. (acetazolamide diff. to saline diff.), 0.050> 
P>0.025; Aq. diff. to Pl. diff., 0.60> P>0.50. 


aqueous and plasma osmolal concentrations 
two and one-half hours after administration. 
However, the decreases in the concentrations 
of the two fluids were similar. Table 7 
illustrates that after one-half hour aceta- 
zolamide did not significantly alter the 
osmolal concentrations of the fluids, in com- 
parison with saline. The results in Table 8 
illustrate that after two hours acetazolamide 
significantly decreased the osmolal concen- 
trations of the aqueous and plasma in the 
dog, in comparison with their normal values. 
Again, the alterations in composition were 
similar in the two fluids. A similar depres- 
sion of osmolal concentration of the dog 
aqueous following acetazolamide is reported 
by Urrets-Zavalia and Remedi ** on the basis 
of alterations in electrical conductivity. 
While statistical analysis of the data dem- 
onstrates that the aqueous-to-plasma osmolal 


Taste 8.—The Effect of Acetazolamide on the 
Osmolal Concentrations of Aqueous and 
Plasma in the Dog * 


mOsm./Kg. of Water ¢ 


Control Acetazolamide Difference 
Acetazolamide) 

Aqueous 301.4+2.4 294.2+2.6 7.242.5 

(+5.9) (+6.5) (+6.0) 
Plasma 301.4+2.7 293.04:3.5 8.4+3.0 

(+6.6) (+8.5) (+7.3) 
Aq.—Pl. 0.00.7 1341.9 

(+1.7) (+4.6) 


* Acetazolamide 50 mg. per kilogram of body weight i. v. two 


hours before sampling. 

+ Results expressed as mean of six determinations + standard 
error of the mean (+ 8. D.). A he yh ed Pl. diff., 
> 


+ 
0.02> P>0.01; Aq. diff. to Pl. di 
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mOsm./Kg. of Water 
Saline Acetazolamide 


305.8+0.7 305.0+1.2 
(42.3) (44.5) 
Plasma 299.7+0.8 300.921.9 
(42.7) (47.3) 
Aq.—Pl +6.141.1 +4.0+41.7 
(+3.6) (+6.5) 
* Saline 1 cc. per kilogram of body woe intraperitoneally 
one-half bg a sampling; acetazolam kilo- 


100 mg. per 
gram of body weight intraperitoneally rook 9 hour 


before 
sampling. 
t ex 


pressed as mean of 11 4 15 determinations + stand- 
mean (+ 8. D.). Aq. (saline to acetazolamide 


ard e of the mean 
0. 20> P> P>0.10; Pl. (saline to to cgutuccieaite) 0.70> P>0.60: Aq.— 
Pl. (saline to acetazolamide) 0.40> P0>0.30. 


relationship is not significantly altered by 
acetazolamide administration, the limitations 
of the technique must be clearly kept in 
mind. Analysis of the data yields a standard 
error of the difference of means of 0.6% 
to 0.7% of the normal osmolal concentration. 
As an osmolal change of less than twice 
this error may well be biologically significant, 
it is apparent that the absence of a statisti- 
cally significant alteration does not exclude 
the possibility of a biologically significant 
alteration. 


Comment 


The main evidence in support of the view 
that aqueous is hypertonic to the plasma 
across the blood-aqueous barrier is the direct 
experimental demonstration that the aqueous 
is hypertonic to plasma obtained from the 
large vessels or the heart. It is important 
to note that this interpretation assumes a 
uniformity of osmolal concentration between 
plasma in the large vessels and that in the 
ocular capillaries. 

The interpretation that the aqueous is hy- 
pertonic to the plasma across the blood- 
aqueous barrier is not consonant with certain 
experimental observations. Within the limits 
of his technique, Kinsey ** has demonstrated 
that there is no measurable osmolar dif- 
ference between the anterior and posterior 
chambers. As the transfer of water across 
biological barriers is generally rapid, a dilu- 
tion of the anterior chamber aqueous by a 
net transfer of water across the iris would 
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be expected. Friedenwald and Becker * 
have developed an argument to demonstrate 
that such a dilution is of negligible magni- 
tude. However, Kinsey’s analysis of pos- 
terior and anterior chamber aqueous ** has 
demonstrated that small concentration dif- 
ferences of electrolytes across the blood- 
aqueous barrier are sufficient to produce a 
measurable net transfer of electrolytes into 
the anterior chamber, and it is difficult to 
explain why a small osmolar difference of 
the same order of magnitude fails to produce 
a detectable net transfer of water across the 
same barrier. 

As stated above, the hypothesis of an 
aqueous hypertonicity across the blood- 
aqueous barrier is dependent on the tacit 
assumption of osmolal equality between the 
plasma in the large vessels and in the ocular 
capillaries. While no direct analysis of the 
ocular capillary plasma is available, Wirz 78 
has demonstrated by direct micropuncture 
that the osmolal concentration of certain 
capillaries in the golden hamster kidney is 
related to the hypertonicity of the urine 
rather than to normal plasma osmolal values. 
Similarly, the plasma of the ocular capillaries 
might well be slightly hypertonic to the 
plasma in the large vessels but isotonic to 
the aqueous. The maintenance of this capil- 
lary plasma hypertonicity would be de- 
pendent on the integrity of the capillary 
wall, and so the observed decrease in the 
aqueous osmolality following such pro- 
cedures as paracentesis would reflect a fall 
in the osmolal concentration of the capillary 
plasma. The presence of a measurable 
aqueous-to-plasma osmolal gradient is not 
necessary for net fluid transfer across the 
blood-aqueous barrier. If the ease of water 
transfer across the barrier is much greater 
than that of solute transfer,” the secretion 
of an osmotically active particle would be 
immediately followed by an associated os- 
motic transfer of water, with no measurable 
steady-state osmolal gradient across the bar- 
rier. 

On the assumption of an aqueous hyper- 
tonicity across the blood-aqueous barrier, it 
was postulated that the increased intraocular 
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pressure in outflow obstruction was due to 
the transformation of the normal osmolal 
gradient into its equivalent hydrostatic pres- 
sure.4® However, the development of a 
large hydrostatic pressure by the active trans- 
port of fluid is possible without recourse to 
a preexisting hypertonicity of the secreted 
fluid. The pressure developed by the ob- 
structed salivary gland can be cited as an 
example.® 

Considerable controversy has centered 
about the mechanism of action of acetazol- 
amide in reducing the aqueous flow rate. 
Within the limitations of the present tech- 
nique, the maintenance of the normal 
steady-state aqueous-to-plasma osmolar rela- 
tionship suggests a similar reduction in the 
transfer rates of the osmotically active sub- 
stance and water. This is consistent with 
the hypothesis of isotonicity across the blood- 
aqueous barrier; for the rate of water trans- 
fer would be determined by the rate of 
active solute transfer. 


Summary 

The mean (plus and minus the standard 
error of the mean) normal osmolal values, 
obtained with the cryoscopic technique in 55 
rabbits, are 300.6 (+0.9) mOsm. (millios- 
moles) per kilogram of water for aqueous 
and 298.5 (+1.0) mOsm. per kilogram of 
water for plasma. The aqueous excess is 
statistically significant. Paracentesis of the 
eye is associated with a fall in aqueous 
osmolal concentration. 

Intraperitoneal administration of acetazol- 
amide lowered the intraocular pressure in 5 
eyes of a total of 24. The osmolal concen- 
trations of aqueous and plasma are not 
significantly altered one-half how after ad- 
ministration of the drug, but they are 
significantly decreased after two and one- 
half hours. The decrease in concentration 
is similar for the two fluids. Two hours 
after intravenous injection of the drug into 
dogs, a significant decrease is obtained in the 
aqueous and plasma. Again, the decrease in 
the concentration of the two fluids is similar. 
The standard error of the difference of 
means in these comparisons is 0.6% to 
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0.7% of the normal osmolal concentration. 

The concept of an aqueous hypertonicity 
across the blood-aqueous barrier is discussed. 
The validity of the basic assumption that 
the osmolal concentration of the plasma in the 
ocular capillaries is equal to that of the 
plasma in the main vessels is questioned. 
Isotonicity of the fluids across the blood- 
aqueous barrier is suggested as an alternate 
possibility. 

550 Ist Ave. (16). 
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A Preliminary Report 


MAYNARD C. WHEELER, M.D., New York 


Anyone who has attempted to analyze the 
data from a series of motility records is 
painfully aware of what a bafflingly difficult 
job it is. Yet some of us cling to the belief 
that it is only by such analysis that we can 
learn the value of various types of treat- 
ment. 

For a number of years the use of punch 
cards has seemed in theory to be the logical 
solution to this problem, but I now find that 
this is by no means an easy solution. Thus 
far I have been able to learn of only two 
attempts to use punch cards for motility 
records: a short-lived project by Hermann 
Burian a number of years ago in Hanover, 
N. H., and a presently continuing one by 
Lloyd Morgan, in Toronto. As no report of 
either of these has yet been published, I 
feel justified in recording my experience 
in a preliminary report, in the hope that it 
will induce others to use punch-card meth- 
ods. Possibly this report will save them 
time and effort. 

In approaching this project, two closely 
related decisions must be made: (1) what 
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Fig. 1—Hand punching. 


(From the 
Company. ) 


McBee 


Punch Cards for Motility Records 


type of card to use and (2) what data should 
be punched in the cards. As each has a 
direct bearing on the other, it is difficult to 
say which comes first. 

After considerable study, I decided that 
the McBee Keysort cards would be the best 
for the average office or muscle clinic, which 
has up to a few thousand records, for the 
following reasons. 1. No expensive equip- 
ment is necessary for punching the cards 
because this is done with a simple hand 
punch (Fig. 1), one for which no training 
is required. 2. In most instances this punch- 
ing can be done directly from the records, 
thus eliminating an intermediate work sheet. 
3. The sorting is done with extremely simple 
equipment (Fig. 2). Anyone familiar with 
the motility records can quickly learn to 
punch and sort these cards. 


Having settled the type card to be used, 
we had to decide what data we wanted to 


Fig. 2.—Sorting punch cards. (From the McBee 
Company. ) 
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include.* In the beginning we put down 
everything we could possibly imagine ever 
wanting. Next we tried to see how much we 
could get on a single large card (8X 10.5 in., 
with a double row of punches all the way 
around), but we found that we had far too 
much. After innumerable sessions we finally 
trimmed the material down so that it would 
fit on a single card, but the pruning had been 
so severe that the result was almost worth- 
less, 


Extending the data from one case onto 
more than one card creates serious complica- 
tions. These cards must be tied together by 
means of a numerical code (see below) 
which uses many valuable holes. Comparing 
data on the different cards complicates the 
sorting. The original expense is increased 
materially because of the cost of additional 
engravings, used in printing different cards. 

There are, however, at least three advan- 
tages to using more than one card. 1. Many 
more data can be included. 2. Smaller cards 


* Dr. Philip Knapp and Miss Nancy Capobianco 
helped in this work. 
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may be possible (as in our case), making 
them easier to store and handle. 3. Much 
more important, they may make for much 
more flexibility. 

As we finally worked it out, we gained 
flexibility by using three cards, 54% 7% in., 
five holes to the inch. Card 1 (Fig. 3), 
printed in brown, records the history and the 
original examination. Once this first card is 
completed, it should not be changed by sub- 
sequent visits. Card 2 (Fig. 4), printed in 
blue, shows the treatment ending after sur- 
gery. Once completed, this card also should 
not need to be changed. If there is a second 
operation, a second No. 2 card should cover 
the treatment between operations and the 
second surgical procedure. Similarly with 
additional operations, a new No. 2 card 
would be added for each. 

Card 3 (Fig. 5), printed in green, covers 
the postoperative treatment and the final 
summary. If subsequent visits change any 
of these data, it is only this last card that 
needs to be changed. A fourth card con- 
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Fig. 3—Card 1. History and examination. 
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taining the orthoptic treatment may be added 
later.f 

Ideally, all of the items that we wish 
punched in the cards would be printed on 
the cards so that they could be punched di- 
rectly. This is usually impractical, because 
it limits the data that can be recorded, for 
lack of space on the card, or necessitates an 
excessive number of different cards. There- 
fore it is frequently necessary to use a code 
to save space. A code is a numerical device 
for recording a maximum number of factors 
in a minimum number of holes. The numer- 
ical code for recording the new number 
assigned to each case is the best example of 
this device, because it shows how we can 
punch up to 14,999 by the use of only 16 
holes. This is seen at the right-hand end 
of each card. These 16 holes are divided 
into four groups of 4 holes each: reading 
right to left, one group for units, one for 
tens, one for hundreds, and one for thou- 
sands. The holes in each group are num- 
bered 7,4,2,1. Any digits of 7,4,2, or 1, of 
the case number, are punched directly. If 3 
is wanted, punch 2,1; if 5 is needed, punch 
4,1, etc., and for 9 punch 7 and 2. The 
same applies to each group, but, in addition, 
in the thousands we can go beyond nine: 
7,2,1 for 10; 7,4 for 11, etc., up to punching 
all four for 14. 

In other parts of the cards, smaller codes 
are frequently used. Where we need only 
three factors, two holes are sufficient, punch- 
ing 1 for the first 2, for the second, and both 
for the third factor. With three holes, num- 
bered 4,2, and 1, seven factors are possible. 

For example, if visual acuity O. D. (see 
Card 1, upper left) is 20/20, punch 2; 20/30, 
punch 2,1; 20/40, punch 4; 20/50, punch 
4,1; 20/70, punch 4,2,1; 20/200, punch 4,2; 
less than 20/200, punch 1. (The arrange- 
ment of these particular punches is an at- 


+ Since it is neither practical nor desirable to give 
here all the data included in these cards, samples, 
with the code, will be sent to anyone asking for 
them. 
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tempt to aid memory and minimize reference 
to a code book, thus, 2 for 20; 2,1 for 30; 
4 for 40, etc.) Another example (Card 1, 
left-hand end) shows measurement without 
glasses, distance: For ST, punch 1; S(T), 
punch 2; S, punch 2,1; X(T), punch 4; 
XT, punch 4,1; X, punch 4,2. (Here the 
single punches were assigned to the types 
ocurring most frequently.) 

As many holes as possible were left un- 
assigned and are indicated by capital letters 
(e. g., lower right hand part of all cards). 
These are for future additions. They also 
are numbered in case a code is desired. 

It is too much to hope that the cards that 
we have evolved will be directly applicable to 
the records in other offices and clinics. We 
all have our pet projects that will be given 
too much space on the cards (e. g., miotics), 
while other features will be omitted entirely. 
Some of our omissions were accidental (e. g., 
NPC) while others were made reluctantly in 
the pruning process, because even when we 
finally expanded to three cards the data still 
had to be restricted fairly rigidly. The un- 
assigned holes in the cards will provide for 
minor changes or additions, but it will prob- 
ably require the combining of a number of 
such projects, by different groups, before 
we can even hope to achieve cards that will 
be generally applicable. This, of course, is 
a highly desirable goal, because if we could 
have many thousands of cards, from several 
clinics, our conclusions would be just that 
much more valid. 


Summary 

A preliminary report of the use of punch 
cards for motility records is presented. Al- 
though actually in use, these cards have not 
yet been used extensively enough to prove 
their worth. So much effort and expense 
was involved in devising these cards that it 
seemed worth while to record the experience, 
thus far, in the hope that it will aid others 
who are interested in this method. 
30 W. 59th St. (19). 
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Case Reports 


Inferior Oblique Muscle 


Since the “superior oblique sheath syn- 
drome” was first reported by Brown,’ in 
1950, it has become a recognized clinical 
entity. In this condition a short anterior 
tendon sheath of the superior oblique muscle 
restricts elevation of the eye in the nasal 
field. Brown has established the following 
diagnostic criteria: paralysis of the inferior 
oblique muscle, little or no overaction of 
the superior oblique muscle, depression of 
the eye on adduction, and limitation of the 
adducted eye to passive elevation. Girard? 
has pointed out that other structural changes 
may prevent the normal action of the in- 
ferior oblique muscle. He describes four 
types of such changes and has suggested the 
term “pseudoparalysis of the inferior oblique 
muscle.” Type I he considers congenital 
retraction of the tendon sheath of the 
ipsilateral superior oblique (“superior ob- 
lique sheath syndrome” of Brown); Type 
II, retraction of the tendon sheath produced 
as a complication of tucking the superior 
oblique; Type III, anomalous check liga- 
ments on the insertion of the inferior ob- 
lique, and Type IV, swelling on the superior 
oblique tendon, restricting passage through 
the trochlea. Since surgical exploration of 
many of these conditions is contraindicated 
or impossible, it would appear that the term 
pseudoparalysis of the inferior oblique 
muscle should be used until the more 
definitive diagnosis can be made by studying 
the surgical anatomy. 

In 1949, one of us (F.D.C.) saw a 
3-year-old white boy with a history of an 
intermittent vertical strabismus since in- 
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Spontaneous Regression of Pseudoparalysis of the 


FRANK D. COSTENBADER, M.D., and DAN G. ALBERT, M.D., Washington, D. C. 


fancy. He was found to hold his head 
turned slightly to the left, with chin ele- 
vated. There was complete lack of motion 
in the field of action of the left inferior 
oblique. He was seen again at ages 5 and 
6 years. At these visits, there was still 
complete absence of elevation in adduction 
O.S. The left superior oblique functioned 
normally; there were no abnormal torsional 
movements noted with the eye adducted, and 
movements and fusion were normal in all 
other fields. An investigation of the sheath 
of the left superior oblique was suggested 
but was not done. 

About six months later the child was 
seen again. The anomalous head position 
had disappeared, and there was now com- 
plete recovery of motion in the field of the 
left inferior oblique muscle. He was ortho- 
phoric in the six cardinal fields of gaze at 
distance and displayed a concomitant 
esophoria of 4 A for near. Fusion seemed 
stable in all fields when examined by the 
red-green test. 


Comment 


The spontaneous establishment of full 
ocular motility makes speculation regarding 
the etiology of the original lesion interest- 
ing. The absence of secondary contracture 
and the presence of normal torsional move- 
ments make the diagnosis of primary infe- 
rior oblique paralysis unlikely, and so the 
original diagnosis of pseudoparalysis seems 
justified. Lysis of a congenital retraction 
of the superior oblique sheath or of an 
anomalous check ligament at the insertion 
of the inferior oblique seems quite im- 
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probable. Although entirely speculative, it 
seems more likely that a restriction to the 
free passage of the superior oblique tendon 
through the trochlea may have lessened, 
thus allowing for full excursions of the 
inferior oblique muscle. 


Summary 


A case of pseudoparalysis of the inferior 
oblique muscle that disappeared spontane- 
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ously is presented. Speculation as to the 
pathogenesis is given. 
1605 22d St. (8). 
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The occurrence of carcinoma of the breast 
with cranial metastases in a patient with 
advanced retinitis pigmentosa afforded an 
opportunity to observe the behavior of the 
affected retinas in the presence of increased 
intracranial pressure. 


Report of Case 


A 47-year-old white married woman was 
first seen in October, 1952. She complained 
of a lump in her right breast noted one 
year previously and undergoing progressive 
enlargement. On Oct. 26, 1952, following 
preliminary biopsy, a right radical mastec- 
tomy was performed. Pathologic examina- 
tion revealed an _ infiltrating duct-cell 
carcinoma with metastasis to axillary lymph 
nodes. One month postoperatively she was 
given five x-ray treatments, 1800 r to the 
right supraclavicular area and 1500 r to the 
right axilla. 

The patient did well until July, 1954, at 
which time she developed a lump in the 
right infraclavicular area. Radiologic survey 
revealed widening of the mediastinum, ques- 
tionable infiltration of the left lung, and 
osteolytic metastasis involving the skull and 
possibly the spine and pelvis. Biopsy of the 
nodule in the left infraclavicular region re- 
vealed metastatic adenocarcinoma. On July 
26, 1954, bilateral oopherectomy with right 
salpingectomy and appendectomy was per- 
formed. 

After the latter procedure the patient’s 
course was satisfactory. There was no evi- 
dence of further tumor spread. Chest x-ray 
revealed a disappearance of the mediastinal 
widening previously noted. 

Received for publication Aug. 22, 1957. 
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Crowley), the Southern California Permanente 
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Papilledema Complicating Retinitis Pigmentosa 


JERRY F. DONIN, M.D., and LAWRENCE G. CROWLEY, M.D., Fontana, Calif. 


In June, 1955, a repeated radiologic sur- 
vey revealed an increase in  osteolytic 
metastases. The patient was given testos- 
terone propionate, 150 mg. twice weekly. 
In November, 1955, she complained of se- 
vere pain in the left upper arm. X-ray 
examination earlier had revealed the left 
humerus as one of the sites of involvement 
by metastatic tumor. She was given a second 
course of x-ray therapy to this site, with 
relief of pain. 

In February, 1956, the patient was seen 
in the eye department for routine refraction. 
She stated that she had been night blind all 
of her life. She had not been aware of 
serious visual difficulty until the age of 40 
years. For the past few years, this blurring 
of vision had been getting progressively 
worse. She stated that she was an only 
child and that there was no family history 
of consanguinity or visual difficulty. Two 
teen-aged sons examined shortly thereafter 
revealed no evidence of ocular disease. Eye 
examination was as follows: Vision without 
correction was 20/60 in the right eye and 
20/40 in the left eye. Externally, the eyes 
appeared normal. The pupils were round, 
regular, and equal and reacted promptly to 
light and in convergence. Ocular rotations 
were normal. Intraocular tension was 20 
mm. O. U. (Schietz). Visual fields were 
markedly constricted; a residual central field 
measuring approximately 5 degrees was 
present in each eye. Following pupillary 
dilatation, a tiny posterior polar opacity was 
noted in each lens. Ocular media were other- 
wise clear. Ophthalmoscopy revealed waxy 
optic discs. The retinal arterioles, and to 
a smaller degree the retinal veins, were at- 
tenuated. There were extensive pigment 
deposits in the retinal peripheries, primarily 
along the course of the retinal veins. The 
picture was typically that of retinitis pig- 
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mentosa. Refraction revealed a small astig- 
matic error. Corrective lenses improved the 
visual acuity to 20/50 in the right eye and 
to 20/30 in the left eye. 

In March, 1956, the patient complained 
of recurring pains in her arms and legs. 
In addition, she had noted the onset of 
headache, diminished vision, loss of weight, 
nausea, and vomiting. X-ray examination 
revealed a further increase in bony lesions 
involving the skull, spine, pelvis, and both 
upper and lower extremities. On March 30, 
1956, following a preliminary course of 
cortisone therapy for one week, bilateral 
adrenalectomy was performed. The post- 
operative course was satisfactory, and 
gradual reduction of cortisone therapy was 
attempted. When a daily dosage of 37.5 
mg. was reached, there was a sudden marked 
deterioration of her condition; she developed 
severe retro-orbital headaches, nausea and 
vomiting, and further blurring of vision. 

Ocular examination on April 7, 1956, re- 
vealed that the vision in both eyes had been 
reduced to bare light perception. After pupil- 
lary dilatation, ophthalmoscopy revealed 
swelling of both optic discs. The disc mar- 
gins were well defined, but centrally there 
was elevation measuring 1% to 2 D. Each 
optic disc was surrounded by a rosette of 
flame-shaped hemorrhages. Both retinal ar- 
teriolar and venous trees, though narrowed, 
were dilated in comparison with their ap- 
pearance on previous examination. 

The patient’s sudden deterioration, includ- 
ing the onset of almost complete blindness, 
was attributed to the reduction in the main- 
tenance dose of cortisone. Earlier improve- 
ment prior to and following bilateral 
adrenalectomy took place while the patient 
had been taking 300 mg. of cortisone daily. 
Such large dosage is known to cause sup- 
pression of the adrenocorticotropic and 
probably other pituitary hormonal secre- 
tions. When the dosage of cortisone was 
reduced to 37.5 mg. daily, it was postulated, 
the removal of this inhibiting effect on the 
pituitary gland resulted in markedly in- 
creased pituitary activity, which in turn 
stimulated a rapid increase in tumor growth. 
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In an attempt to reverse this phenomenon, 
the patient was again given 300 mg. of 
cortisone daily. Her general condition im- 
proved promptly and strikingly. Repeated 
eye examinations were carried out during 
the month that followed. The patient re- 
ported a slight improvement in vision, 
though this was not measurable. The degree 
of papilledema varied; the circumpapillary 
hemorrhages absorbed and then recurred. 
By May 21, 1956, all the hemorrhages had 
absorbed completely but measurable disc ele- 
vation of 1 D. remained in each eye. 

In June, 1956, the patient was discharged 
home, taking 200 mg. of cortisone daily. 
Eye examination on July 3, 1956, revealed 
that the vision had improved to 20/50 in 
the right eye and to 20/30 in the left eye. 
Visual fields had returned to their original 
configuration. The optic discs were again 
flat, and the entire ophthalmoscopic picture 
had reverted to the original condition. 

The patient continued to do well. Except 
for recurring subcutaneous abscesses in the 
right arm, she was asymptomatic. On Aug. 
27, 1956, following a comfortable and un- 
eventful day, she was found dead in bed. 
Necropsy revealed the cause of death to be 
acute hemorrhagic pancreatitis. In addition, 
large areas of anaplastic metastatic tumor 
tissue were found in the liver, the skeletal 
system, the dura, and the brain. Over one- 
half of the left occipital lobe was replaced 
by tumor. Ghe eyes were not obtained for 
pathologic examination. 


Comment 


There would seem to be little doubt that 
this patient had true papilledema. Though 
the appearance of the discs was not entirely 
typical of papilledema, there was measurable 
elevation accompanied by retinal venous en- 
gorgement and circumpapillary hemorrhages. 
The development of this retinal picture co- 
incided with the onset of severe headache. 
As a final piece of corroborative evidence, 
cranial metastases were demonstrated at 
necropsy. 
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PAPILLEDEMA AND RETINITIS PIGMENTOSA 


The condition of the optic nerve in retinitis 
pigmentosa is commented on by the authors 
of “Ophthalmic Pathology.” 1 They noted 
that in many pathologic studies the optic 
nerve has been described as atrophic but that 
in four of five cases examined by Cogan it 
was normal. Cogan was unable to account 
for the waxy appearance ophthalmoscopi- 
cally. If an optic nerve is completely atrophic, 
with destruction of nerve fibers, disappear- 
ance of capillaries between fiber bundles, 
and glial and fibrotic proliferation, it might 
be expected that such a nerve would be 
unable to demonstrate papilledema in the 
presence of increased intracranial pressure. 
On the other hand, if the optic nerve is 
entirely normal, one might expect a typical 
picture of papilledema. In this case we found 
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edema limited to the central part of the optic 
nerve. This would suggest that, even in 
the presence of advanced visual field loss, 
there was sufficient normal optic nerve struc- 
ture remaining to undergo ophthalmoscopi- 
cally appreciable edema. 

The complete return of former visual 
function following the subsidence of the 
papilledema demonstrated an apparent re- 
sistance of the remaining macular fibers to 
destruction by the superimposed circulatory 
disturbance. 


Southern Permanente Medical Group. 
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Annual Reviews 


The Lens and Vitreous 


WILLIAM COUNCILMAN OWENS, M.D., Easton, Pa. 


In this review of the literature on the lens 
and vitreous published during 1957, no at- 
tempt has been made to mention every ar- 
ticle that has appeared. Instead, only those 
reports that have interested me most have 
been included. The general outline of topics 
is the same as in the summary of the litera- 
ture for the previous year.’ 


Surgery of the Lens 


Preoperative Complications.—At a con- 
ference held by the New York Society for 
Clinical Ophthalmology on the subject of 
cataract,” all of the participants agreed that 
intracapsular extraction of the cataract was 
indicated when high myopia, inactive uveitis, 
or posterior synechias were present as pre- 
operative complications. They also felt that 
an intracapsular extraction should be done 
when the cataract was atopic in origin. When 
the cataract is associated with phacogenic 
glaucoma, its prompt removal by the intra- 
capsular technique is advocated by Hopkins.* 
The intracapsular technique of extraction 
was also advocated in cases of cataract as- 
sociated with retinitis pigmentosa. In this 
condition Alberth * found that an only mod- 
erate lens opacity will produce a severe 
visual loss when the field is restricted, and 
he therefore recommends early operation. 
Stankovié and Kecmanovié 5 recommend the 
intracapsular technique when the cataract is 
complicated with megalocornea. They believe 
that the unfavorable prognosis previously 
associated with these cases is unwarranted. 

Choyce ® recommended the immediate ex- 
traction of the lens if it entered the anterior 
chamber in cases of Marfan’s syndrome; 


Received for publication Jan. 13, 1958. 
612 


otherwise glaucoma might result if the lens 
became trapped by the iris sphincter. Hild- 
ing? reported the case of a 2%4-year-old 
child with bilateral complete dislocations of 
the lens. In each eye, glaucoma occurred 
when the freely moving lens became in- 
carcerated in the pupil. In both his cases 
successful intracapsular extractions were 
performed. 

The lens has again been incriminated in 
the occurrence of malignant glaucoma. 
Birge ® believes that eyes likely to develop 
malignant glaucoma can be detected before 
filtering operations are performed. He feels 
such eyes have microphthalmos, microcornea, 
early cataractous changes, or advanced ac- 
quired myopia in association with chronic 
narrow-angle glaucoma not controlled by 
medication. In such eyes, he states, the 
operation of choice is an extraction of the 
lens combined with a filtering operation. 
Ourgaud and Bérard ® recommended the re- 
duction of the intraocular tension before 
filtering operation and the use of mydriatics 
following the filtering operation in an effort 
to prevent malignant glaucoma. However, if 
it occurs, they stated, immediate extraction 
of the lens should be performed. Four cases 
of malignant glaucoma following antiglau- 
comatous operations were described, and lens 
extraction was advocated as the best treat- 
ment by Rougier, Chavanne, and Paufique.'® 

Instruments.—The use of a special micro- 
scope for ocular surgery has been advocated 
by Barraquer.™ The focus of the microscope 
he used can be controlled with a foot pedal. 

In addition, a slit lamp has been mounted 
on an arm so that it can be used when 
necessary in operations such as lamellar 
keratoplasty. A different method of cataract 
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extraction was described by Unsworth.’ He 
used a special forceps which consisted es- 
sentially of a lens spoon for its posterior 
blade and a lens loop for its anterior blade. 
After direct rupture of the zonules, this 
special forceps was slipped down over the 
superior equator of the lens, one blade in 
front and one behind the lens, which was 
then extracted. Scheie’* has produced a 
corneoscleral scissors with a heavy shank and 
blunt tips for increased safety in enlarging 
the cataract section. 


Anesthesia.—Stringham '* has written an, 


excellent article on pediatric anesthesia and 
gives the technique he uses. Patients over 
5 months of age are given rectal premedica- 
tion with pentobarbital (6.5 mg. per kilo- 
gram). In children over 5 years of age 
this is supplemented with an opiate and a 
belladonna drug. Induction is accomplished 
with cyclopropane and ether, and the anes- 
thesia is maintained with ether by the 
endotracheal route. Because of the extensive 
fluid loss by way of the lungs in infants, 
early adequate fluid replacement is necessary, 
and intravenously administered 5% dextrose 
in water is therefore used in most operative 
cases. He points out that in infants it is 
also most important to replace any significant 
blood loss. 

More surgeons are recommending the use 
of chlorpromazine. Harley and Mishler 
tested the effect of administration of chlor- 
promazine on the occurrence of nausea and 
vomiting during and after cataract opera- 
tions. In 100 control cases the following 
preoperative medication was used: sodium 
pentobarbital (Nembutal), 100 mg. the eve- 
ning befere surgery; nothing by mouth for 
four hours before opertion; sodium pento- 
barbital, 100 mg., given four hours 
preoperatively and repeated one hour preop- 
eratively, and, finally, meperdine (Demerol), 
50 to 100 mg. according to weight and age, 
and dimenhydrinate (Dramamine), 50 mg. 
one-half hour preoperatively. In 100 other 
test cases chlorpromazine, 25 mg., was given 
orally one-half hour before surgery in addi- 
tion to the preoperative medication given to 
Owens 


the control cases. Chlorpromazine, 25 mg., 
was also given parenterally immediately post- 
operatively and again as frequently as every 
three hours for nausea and vomiting. From 
this study they found chlorpromazine to be 
helpful in reducing the incidence of aausea 
from 27% to 19% and that of vomiting 
from 18% to 8%. They suggested that the 
routine use of chlorpromazine postopera- 
tively (25 mg. every six hours) for 48 
hours may further reduce the incidence of 
postoperative nausea and vomiting. Agar- 
wal, Gupta, and Malik * came to essentially 
the same conclusions in a study of the use 
of pentobarbital and chlorpromazine in 95 
cataract operations. 

Most authors have advocated methods to 
obtain maximum hypotony during surgery. 
Some have advocated use of acetazolamide 
(Diamox) both before surgery and at the 
time of surgery if the iris-lens diaphragm 
bulges forward when the eye is opened. 
De Saint-Martin ' obtained hypotony by the 
use of hyaluronidase in the retrobulbar in- 
jection. He believes that the softness of the 
eye does not interfere with making the 
section, placing the sutures, or extracting 
the lens. 

Technique—S ome _ modifications and 
changes of the type of suture have been 
described. Buxeda’*® used a double-ended 
suture, placing one needle from the limbal 
groove through the sclera and the other 
needle from the limbal groove through the 
cornea. He believes that this obviates the 
difficulty he sometimes encounters when 
the suture is placed too deeply. Barraquer 
Moner ?* advocated placing nonabsorbable 
surgical (silk) sutures beneath a conjuncti- 
val flap. When this was done, the silk 
sutures remained indefinitely in one-quarter 
of the cases but in most “the stitches were 
spontaneously eliminated between 20 and 30 
days after the operation.” 

A comparison” of the results of the 
round-pupil versus the iridectomy technique 
of cataract extraction was made in a study of 
14 cases with bilateral aphakia, one eye hav- 
ing a round-pupil and the other eye, a key- 
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hole iridectomy. No noticeable subjective or 
objective differences were noted in the re- 
sults of the two types of operative procedure. 

It was surprising to find two papers sup- 
porting the expression of cataracts as op- 
posed to extraction. These give new life to 
the Smith method, which of late years has 
been lying dormant. Hruby?! described his 
own modification of the Smith technique, 
which he feels gives better results than any 
method of extraction of cataract. Nirankari 
and Maudgal** advocate their modification 
of the Smith technique, in which pressure 
is applied above on the upper pole of the 
lens at the same time that pressure is 
applied to the zonule below. 


Lister ** advocated the use of air in the 
anterior chamber following cataract extrac- 
tion. 


Rumbaur ** described a technique for re- 
moving a dislocated lens from the vitreous 
by first bringing the dislocated lens into its 
normal position with a diathermy needle in- 
serted into the lens under direct observation. 


Intraocular Lenticular Substitutes 


The interest in intraocular lenticular sub- 
stitutes continues. Epstein 2° reported on the 
results obtained in 84 cases in which the 
Ridley lens was implanted. In 12 there was 
failure. The failure was due to corneal 
degeneration in four cases and to luxation 
of the acrylic lens into the anterior chamber 
in five cases. These five cases had cataracts 
due to trauma. In two cases with intra- 
capsular extraction the lenticulus slipped into 
the lower portion of the posterior chamber. 
In the remaining case failure was due to 
iridocyclitis and glaucoma. In many of the 
cases, Epstein reported, there was a signif- 
icant, but not incapacitating, slipping of the 
lenticulus toward the 6 o’clock position of the 
posterior chamber. A formidable number of 
secondary operations were required in the 
84 cases reported. Posterior needlings with 
insertion of the knife into the vitreous from 
a point 5 mm. posterior to the temporal 
limbus were required 24 times, and anterior 
needlings were used 15 times, giving a total 
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of 39 needlings in the 84 cases. In six cases 
there were hyphemas large enough to fill 
one-half of the anterior chamber. In most of 
the cases compound myopia astigmatism was 
found. Epstein recommends injection into 
the anterior chamber of equal parts of hy- 
drocortisone acetate and the hydrocortisone 
free alcohol. He stresses the need for 
dressings twice a day for the first four or 
five postoperative days. 

Reese and Hamdi*® gave the results in 
115 cases operated upon by the Ridley 
technique of implanting an acrylic lenticulus 
after cataract extraction. In only four cases 
was it necessary to remove the implant. In 
5% glaucoma developed, and in 5% an 
exudative pupillary membrane developed re- 
quiring incision with a needle knife. One 
of the most distressing complications was 
postoperative uveitis, causing hypopyon in 
four cases in this series. The authors state 
that all cases had a certain amount of 
exudation into the anterior chamber and 
redistribution of pigment that frequently 
resulted in heterochromia. Their visual re- 
sults were good, although they expressed 
the belief that “direct vision is better in the 
modern conventional cases but field of vision, 
orientation, and perspective are better in the 
Ridley cases.” 

F. Ridley 7“ wrote an excellent paper in 
which he described the procedure for manu- 
facture, cleaning, sterilizing, and using intra- 
ocular acrylic implants. He feels that 
adhering to the precautions he outlined will 
remove many of the disadvantages, especially 
the tendency to produce inflammation, that 
have hitherto been associated with the use 
of acrylic implants in ophthalmology. Ac- 
cording to his instruction cleaning of the 
implants should be done with sodium lauryl 
sulfate, 0.1% solution, at 40 C for five 
minutes, followed by washing with distilled 
water. The lenticulus should be sterilized 
with sodium hydroxide, 10% solution, at 
30 C for 60 minutes, and it should be stored 
in 0.1% sodium hydroxide solution in spe- 
cial polyethylene containers. At the time of 
using the implant, the storing solution should 
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be poured off and 0.5% solution of sodium 
bicarbonate should be added to neutralize 
the adherent sodium hydroxide solution. He 
laid emphasis upon the use of dry forceps, 
not contaminated with any detergent or 
other antiseptic, and upon the avoidance of 
contamination with talc or other glove pow- 
der. All washing of the anterior chamber 
should be done with a glass syringe and 
metal cannula, with avoidance of any appa- 
ratus consisting of rubber and metal tubing. 

However, H. Ridley himself ?* stresses the 
two main complications—reactionary iritis 
and late dislocation of the lenticulus—in 
cases where the lenticulus is placed behind 
the iris. He therefore describes his modifica- 
tion of an implant, supported by three legs, 
to be placed into the anterior chamber. King 
and Skeehan *® introduced acrylic lenticuli 
into the anterior chamber of two monkeys 
and three cats. In one of the cats severe 
iritis occurred clinically. Eighteen months 
after the operation the eyes of the two 
monkeys and one cat were examined histo- 
logically. Although no severe inflammation 
was present, mild iritis and cyclitis were 
found in all. 


Contact Lenses 


The main indication for the use of intra- 
ocular lenticular substitutes has been in 
young persons with monocular cataract, to 
overcome the high anisometropia that results 
from monocular aphakia. Another, and per- 
haps simpler, way of handling the problem 
of monocular aphakia is by the use of con- 
tact lenses. Goar *° reports on 63 cases fitted 
with contact lenses for correcting the re- 
fractive error of monocular aphakia. In only 
four was the use of the contact lens aban- 
doned. In 13 cases operation was subse- 
quently performed on the remaining eye, 
and so binocular aphakia resulted. However, 
it was most remarkable that of these 13 
cases, 10 chose to continue the use of con- 
tact lenses, having a new lens fitted for the 
eye more recently operated upon. Goar 
warns against the danger of lens-induced 
glaucoma if a cataract is allowed to go to 
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hypermaturity, while one is waiting for the 
drop in vision in the better eye. He feels 
that cataract extraction and the use of a 
contact lens for the resulting anisometropia 
is the answer. 

McLean? also pointed out the dangers of 
secondary glaucoma and lens-induced uveitis 
which occurs in unoperated-on monocular 
cataract, and he stated that after successful 
removal of the monocular cataract most pa- 
tients had a good chance of binocular vision 
when contact lenses were used. 

Levitt *4 described the successful use of 
a contact lens in a 7-year-old boy to correct 
the refractive error of monocular aphakia, 
and Lock *? used a contact lens successfully 
in a 22-year-old seaman with monocular 
aphakia. 

Verhoeff ** suggested that, in all cases 
with anomalous projection and unilateral 
cataract, the cataract should be removed as 
soon as the corrected visual acuity in the 
affected eye would be improved by the opera- 
tion. In addition, he stated that such pa- 
tients should wear the best correcting 
spectacle lens for each eye. These conclu- 
sions were reached as a result of a remark- 
able case of latent nystagmus with 
heterochromic uveitis and cataract in the left 
eye and esotropic amblyopia of 20/50 visual 
acuity in the right eye. Following successful 
intracapsular cataract extraction, corrected 
vision of 20/20 was obtained in the left eye. 
However, when a blurring +10.00 sphere 
was placed in front of the strabismic right 
eye, latent nystagmus reduced the visual 
acuity of the left eye. Therefore, the spec- 
tacle which gave the strabismic right eye the 
best visual acuity was prescribed and was 
successfully worn with the aphakic correc- 
tion for the left eye. 


Aphakic Refraction 
Stimson ** wrote about the problem of 
refraction for the aphakic patient. He advo- 
cated the immediate selection of the final 
permanent spectacle frame postoperatively. 
A temporary lens is then fitted into this 
permanent frame. The final vertex distance, 
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height, and inclination of the frame can 
then be established and maintained constant. 
With the frame factors established, all sub- 
sequent refractions should be made over the 
temporary lenses with the final frame in 
place on the patient’s face. He has found 
that straight-top bifocals are the most satis- 
factory shape in aphakic correction. 


Postoperative Complications 


A symposium on postoperative cataract 
complications was held by the American 
Academy of Ophthalmology and Otolaryn- 
gology. Postoperative infection still remains 
one of the most formidable complications. 
Hogan ** recommends prophylaxis locally 
with a sulfonamide, a preparation of poly- 
myxin B and bacitracin (Polysporin) or an 
ointment containing bacitracin, neomycin, 
and polymyxin B (Neosporin) applied to 
the lid margins two or three times a day for 
a week prior to surgery and at the daily 
dressings of the eye postoperatively. There 
is some difference of opinion on the use of 
systemic prophylaxis. It is agreed, how- 
ever, that systemic use of penicillin should 
be avoided because of the increasing resist- 
ance of staphylococci and of the increasing 
incidence of serious allergic reactions in pa- 
tients receiving it. The preparation of the 
patient at the time of surgery should be with 
pHisoderm; a preparation containing 3% 
hexachlorophene, followed by 3.5% iodine 
or 1:1000 tincture of benzalkonium 
(Zephiran) chloride. Nonsharp instruments 
should be sterilized in an autoclave, and 
sharp instruments should be individually 
packaged and sterilized with dry air. 

If infection occurs, Hogan* states, a 
Staphylococcus should be suspected, but cul- 
tures should be taken immediately and the 
eye left unbandaged behind a protective 
screen. Systemic therapy with sulfadiazine, 
3 to 4 gm. a day by mouth, combined with 
chloramphenicol (Chloromycetin), tetracy- 
cline (Acromycin), or erythromycin in dos- 
ages of 2 to 3 gm. a day should be given. 
Local treatment should consist of subcon- 
junctival injection every 24 to 48 hours of 
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penicillin plus streptomycin, as described by 
Pearlman,** and Neosporin ointment every 
two hours. In rapidly progressive cases the 
injection of 5000 units of penicillin into the 
anterior chamber or vitreous is warranted. 
When the results of culture have been deter- 
mined, the antibiotics and chemotherapeutic 
agents can be adjusted to the organism and 
its sensitivity. 

Three cases of panophthalmitis caused by 
Pseudomonas aeruginosa (pyocyanea) were 
described,?? and prophylaxis postoperatively, 
by the use of polymyxin and neomycin solu- 
tion and subconjunctival injection of neo- 
mycin, was advocated. A case was reported 
of smoldering uveitis occurring in an eye 
one month after cataract extraction.** After 
intensive antibiotic and steroid therapy failed 
to control the inflammation, the eye was 
enucleated. In the histologic sections a 
fungus was found. 

For incarceration of the iris into the 
wound, McLean *® advocated the use of a 
combination of miotics and adrenergic drugs. 
Weisel and Swan * believe that pupillary 
block is an important factor in the produc- 
tion of a shallow anterior chamber following 
cataract extraction. They found increased 
convexity of the peripheral iris and hernia- 
tion of the vitreous into the pupillary area 
to be a prominent feature. They recommend 
a complete dilatation of the pupil as treat- 
ment. They advocate the combination of 
scopolamine or atropine with an iris dilator 
of the sympathomimetic group. When 
mydriatics, acetazolamide, and air infection 
have failed to restore the anterior chamber 
postoperatively, Bellows ? found that incision 
of the anterior face of the vitreous promptly 
re-formed the chamber. 


When vitreous has been lost at operation, 
Maumenee *! advocated the use of four or 
five corneoscleral sutures, injection of air 
into the anterior chamber, and freeing the 
wound of vitreous, both from the outside by 
cutting the prolapsed vitreous with scissors 
and from the inside with a sweeping motion 
of the iris reposition. For epithelial down- 
growth he recommended biopsy and surgical 
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removal, and for iris cyst, aspiration and 
diathermy or excision. Long and Tyner * 
reported three cases in which an epithelial 
downgrowth was removed surgically by for- 
ceps and curettage followed by application 
of 70% ethyl alcohol to the cornea. How- 
ever, in only one case was a good result 
obtained. In the other two, a severe post- 
operative uveitis occurred; in one sympa- 
thetic ophthalmia resulted, necessitating 
enucleation. Vannas ** is pessimistic about 
all treatment of epithelial downgrowth and 
advises prophylaxis. 

Stocker ** found that carbazochrome 
(Adrenosem) salicylate was of no use in 
preventing the occurrence of postoperative 
hyphemia. Likewise, Vail*® found the ad- 
ministration of acetazolamide to be ineffec- 
tive. Acetazolamide was used to determine 
whether the occurrence of postoperative 
hyphemia was related to the return of intra- 
ocular pressure postoperatively. It was 
thought that acetazolamide might reduce the 
incidence of hyphemia by keeping the intra- 
ocular pressure reduced during the postop- 
erative period. Dunnington’s ** experiments 
in animals, however, suggested that return 
of intraocular pressure did not open the 
wound and thereby cause hyphemia. His 
experiments showed that marked increase 
in the internal pressure did not produce 
hyphemia after operation but that the slight- 
est externally applied pressure was associ- 
ated almost inevitably with the occurrence 
of hyphemia. 

Tonography and gonioscopy performed 
after cataract extraction have shown a period 
of hyposecretion of aqueous lasting from 
6 weeks to more than 15 months after op- 
eration. Miller, Keskey, and Becker ** found 
these results in a review of 139 eyes studied 
before and after cataract surgery. The de- 
creased rate of secretion may mask the dan- 
ger of subsequent glaucoma unless the cases 
are reevaluated postoperatively at frequent 
intervals. They found that peripheral an- 
terior synechias are formed even in uncom- 
plicated cataract extractions. The reduction 
in outflow and the extent of peripheral an- 
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terior synechias were correlated with the 
amount of lens material left in the eye and 
the severity of postoperative hyphemia. 
Rupture of the lens capsule at the time of 
surgery was found to be the most important 
offender in producing postoperative glau- 
coma—30% of the cases resulting in glau- 
coma and accounting for two-thirds of all 
the secondary glaucoma encountered in their 
series. Lee and Trotter ** also found that the 
facility of aqueous outflow usually dimin- 
ished after cataract extraction. They rec- 
ommended early gonioscopy and miotic 
therapy following postoperative flat anterior 
chamber. 

Stokoe *® described an unusual postopera- 
tive complication. A Soemmering ring be- 
came spontaneously dislocated into the 
anterior chamber, from which it was suc- 
cessfully removed by operation. 


Clinical Observations of the Lens 
Congenital Malformations —A rmaly™ 
pointed out the importance of bilateral con- 
genital cataracts in the differential diagnosis 
and prognosis of chondrodystrophia calcifi- 
cans congenita punctata. Infants affected 
with this condition are short-limb dwarfs 
with discrete foci of calcification in the re- 
gions of enchondral ossification. The cata- 
racts seen are usually of the dense nuclear 
type with peripheral radiating spokes. The 
presence of cataracts rules out the milder 
congenital anomalies of bone growth, which 
have a good prognosis. 
Joseph * reported the occurrence of cata- 
ract in two sisters and supposed the defect 
to be of recessive autosomal inheritance. 


Cataracts Associated with Skin Disorders. 

Rud ® described three cases of Werner’s 
syndrome with bilateral cataracts and 
atrophic skin and subcutaneous lesions. Two 
of the cases had keratitis, but the author 
questioned whether the corneal lesion was a 
part of the clinical syndrome. Charleux and 
Paufique ** pointed out that the presence of 
associated skin lesions should be considered 
when cataract occurs in young patients. 
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Electric Cataract—The great variability 
in the time of occurrence and the cataracto- 
genic dose required to produce electric cata- 
ract were demonstrated by two independent 
reports. Belz and Vergez™ reported the 
late occurrence of electric cataract 1&-months 
after a 20-year-old youth had received a 
charge of 10,000 volts of electricity., Lock * 
described the remarkable case of a 22-year- 
old seaman who developed an elect ic cata- 
ract only six weeks after a burn w:ih only 
a 230 to 240 volt current of less than 5 amp. 

Miscellaneous.—Ostler © presented a case 
of cataract associated with pulseless disease 
and reviewed the literature on this condition. 
The late development of cataract—usually 
nuclear in type—often occurs. The salient 
features of the disease are (1) absence of 
palpable arterial pulsations in the upper ex- 
tremities, carotids, and superficial temporal 
arteries; (2) arteriovenous anastomoses 
characteristically surrounding the optic 
nerve, and (3) hypersensitive carotia sinus 
reflex. 

Alfano and Sidrys ** saw vessels coursing 
over the surface of the lens in two patients 
with diabetes and neovascularization of the 
iris. They supposed these vessels were car- 
rying aqueous, although they pointed out 
that this contention could not be proved in 
the absence of an analysis of the vessel 
contents. 

Hagedoorn ** reported a case with a tran- 
sient cyst in the anterior capsule of the lens 
or between the lens capsule and the zonule 
which spontaneously disappeared and was 
not present four years after its original 
observation. 

Sédan ®* described a dislocation of the 
lens into the anterior chamber following an 
altercation during which the patient had been 
hit with a wine glass. The cataractous lens 
remained in the anterior chamber for 35 
years, and when it was removed it was 
found to contain a piece of glass. 


Laboratory Investigations of the Lens 


The Normal Lens.—Further studies on 
the three soluble proteins of the lens by 
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Frangois and Rabaey ®® showed that Fraction 
III was produced during embryonic life and 
was in highest concentration in the nucleus 
of the adult lens. From these findings they 
concluded that Fraction III was not a de- 
naturation product of the aging Fraction I 
(a-crystallin) but was a distinct protein that 
was synthesized only during embryonic life. 
The increase in the insoluble albuminoid 
during aging was due to a large extent to 
the precipitation of Fraction I in the nucleus 
of the lens. 

Green and Solomon ™ studied the effect 
of age upon lens metabolism by comparing 
the ability of extracts from lenses of one- 
month-old rabbits with those from 3-year- 
old rabbits to produce lactic acid under 
anaerobic conditions from glucose, glucose- 
6-phosphate, and fructose diphosphate. They 
found that the qualitative properties of the 
lens enzymes were not affected by age and 
that no shift occurred in the major metabolic 
pathway of the normal lens between the ages 
of 3 weeks and 3 years. Thus, despite an 
increase in over-all metabolic activity per 
lens, accompanying its growth and develop- 
ment, the metabolic efficiency per unit wet 
weight or per unit of protein steadily de- 
creased with increasing age of the lens. They 
thought this decrease to be due to the de- 
crease in the soluble protein which is char- 
acteristic of the aging process in the lens. 

Heinrichs and Harris * found that the 
concentrations of sodium and potassium in 
the fresh rabbit lens did not vary with the 
age of the lens. However, the metabolism 
of the older lenses was different from that 
of younger lenses, since the older lenses 
could not recover from the “cation shift” as 
readily as younger lenses, unless excess 
quantities of glucose were supplied. Fur- 
thermore, in the absence of glucose, young 
lenses could recover to a certain extent un- 
less they were incubated under anaerobic 
conditions. The movements of sodium and 
potassium under the temperature-induced 
“cation shift” were found to be somewhat 
independent, suggesting a separate physio- 
logic “pump” for the separate ions. 
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Dohiman ® studied the uptake of radio- 
active sulfate by the rabbit eye. He found 
that it was incorporated into the lens as 
nonsulfate sulfur. It was present to only a 
slight extent, but, once present, it was re- 
tained for a long time, since there was a 
very slow turnover rate. 

The possible role of glutathione in the 
carbohydrate metabolism of the lens was 
discussed by Kinoshita and Masurat.® It 
appears that oxidized glutathione may accept 
the hydrogen from the reduced triphospho- 
pyridine nucleotide, formed in the oxi- 
dative-shunt mechanism of carbohydrate 
metabolism. The reduced glutathione pro- 
duced can be oxidized by the enzymes in 
the lens to oxidized glutathione. The authors 
feel that this may be an important step in 
carbohydrate metabolism, since cytochrome 
activity has been clearly demonstrated only 
in the lens epithelium. The glutathione in 
the lens appears to be bound to the lens 
proteins by hydrogen linkages, and the pep- 
tidase activity of the lens is low for hydro- 
lyzing glutathione. 

Metabolism of the Cataractous Lens.— 
The glutathione-containing enzyme, triose- 
phosphate dehydrogenase, is inhibited by 
iodoacetic acid as well as by ionizing radia- 
tion. This inhibition produces a decrease in 
anaerobic glycolysis. With this in mind, 
Cibis, Constant, Pribyl, and Becker * com- 
pared the ocular effects in albino rabbits of 
iodoacetic acid with those produced by ioniz- 
ing radiation. After intravenous injection 
of 20 to 60 mg. of iodoacetic acid per kilo- 
gram of body weight, exudation occurred 
into the anterior chamber, posterior chamber, 
and vitreous. In addition, the formation of 
aqueous was partially suppressed, the mitotic 
activity of the lens epithelium was inhibited, 
and lenticular changes developed in one to 
three months in 65% of the animals. Except 
for some slight differences, the observations 
made following injection of iodoacetic acid 
correlated exceedingly well with those seen 
following ionizing radiation. 

A series of remarkable papers by Ogino 
and his co-workers ®®’ appeared. They 
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found substances in the urine of patients 
with senile cataracts which were cataracto- 
genic in ascorbic acid (vitamin C) deficient 
guinea pigs. In contrast, the urine from 
patients without senile cataract did not con- 
tain these cataractogenic substances, which 
the authors have identified as anthranilic 
acid and 5-hydroxyanthranilic acid. These 
acids are formed in the metabolism of tryp- 
tophan. Furthermore, one of them, 5-hy- 
droxyanthranilic acid, forms a_ reversible 
redox system with quinoniminecarboxylic 
acid, a substance cataractogenic for scorbutic 
guinea pigs. These results suggest that the 
cataractogenic substance in senile cataract is 
quinoniminecarboxylic acid, a quinoid inter- 
mediate in tryptophan metabolism. The find- 
ing of a quinoid as the cataractogenic 
substance in senile cataract is paralleled by 
the previous discovery of other quinoid sub- 
stances as the cataractogenic agents in 
experimental cataracts, such as 8-naphtho- 
quinone in naphthalene cataract; benzoqui- 
none acetic acid in diabetic cataract and in 
the cataract formed upon administering 
galactose and the combination of tyrosine and 
sodium butyrate, and 2-amino-p-quinoni- 
mine in dinitrophenol cataract. The histo- 
logic picture of the progressive changes 
produced by these quinoid substances was 
similar to the histologic pictures of other 
experimental cataracts. In the early stages 
irregularity and sparsity of nuclei in the 
anterior subcapsular epithelium and vacuoles 
in the lens fibers at the equator were ob- 
served. As the lesions progressed amorphous 
material was noted in the disrupted cortical 
architecture and pseudoepithelial cells were 
found in the posterior subcapsular cortex. 

Vozza ® stated that the cataract developing 
in rats on a human-milk diet belongs to the 
group of galactose cataracts, the galactose 
being derived from the hydrolysis of the 
lactose in human milk. The development of 
these cataracts can be retarded by supple- 
menting the diet of the rats with protein in 
the form of casein. De Vincentiis ® found 
no variation in the sodium, potassium, or 
amino nitrogen of lens when he experimen- 


419 


3 

| 


tally altered the protein content of the 
aqueous by paracentesis or by endovitreal 
injections of homologous plasma or lysozyme 
unless dense cataracts formed. If the ex- 
perimental alterations produced cataract, the 
sodium in the lens increased and the potas- 
sium and amino nitrogen decreased. 


Snydacker * studied the depth of the an- 
terior chamber and the volume of the cata- 
ractous lens in 103 eyes. He found that, 
in general, the larger the lens the shallower 
the anterior chamber. However, there were 
some exceptions, leading him to the conclu- 
sion that factors other than lens volume are 
important in determining the depth of the 
anterior chamber. Except for intumescence, 
the increase in the volume of the lens was 
not found to be related to the degree of ma- 
turity of the cataract. 

Radiation Cataract.—The role of gluta- 
thione in the metabolism of the lens was 
also investigated in the study of radiation 
cataract. Swanson, Rose, and Taube ™ 
found that previous treatment with gluta- 
thione decreased the incidence of conspicu- 
ous sutures in the lenses of animals exposed 
to x-radiation. Furthermore, the glutathione 
administration produced a protection of 
glucose-6-phosphate dehydrogenase. In ad- 
dition, if the animals were treated with 
glutathione there was no decrease in cyto- 
chrome oxidase activity in the lens following 
x-irradiation. 

Van Heyningen and Pirie 7 found that 
the glutathione content of irradiated lenses 
was drastically reduced shortly after the eyes 
had been exposed to radiation. However, in 
contrast to the findings of Nordmann and 
Mandel,** they found no loss of hexokinase 
activity in the irradiated lenses of rabbits 
until they were almost completely opaque. 

The species differences in the radiosensi- 
tivity of the lens were studied by von Sall- 
mann, Caravaggio, Munoz, and Drungis. 
They analyzed the differences in the re- 
sponse of the lens in mice, rats, guinea pigs, 
rabbits, cats, dogs, and monkeys to doses 
of 1000 r of x-ray. The exposure produced 
depression or complete inhibition of mi- 
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tosis which was short-lasting in mice and 
rats. This inhibition was followed in all 
species by an overcompensating increase in 
cell division, which reached the highest peaks 
in dogs and cats. Radiation-induced cell de- 
generation with nuclear fragmentation was 
also studied. It was found to be extensive 
in mice, rats, and rabbits but was surpassed 
by the extrusion of chromatin in dogs and 
cats. The distribution of the chromatin ma- 
terial seen in dogs and cats suggested the 
picture of a restoration of the relationship 
between nucleus and cytoplasm rather than 
a lethal injury to the lens. In spite of these 
quantitative differences, in general, the lenses 
of all the animals studied responded qualita- 
tively in the same manner to the radiation, 
although there were variations in the extent 
of injury. 

Von Sallmann * contrasted the histology 
of radiation cataracts with that of cataracts 
caused by diet. In the cataracts produced 
by ionizing radiations and _ radiomimetic 
drugs, damage affecting the cell nuclei in the 
germinative zone appeared to initiate the 
cataractous lesion and the cataract was pro- 
gressive. In contrast, in the cataracts pro- 
duced by diets containing galactose or 
alloxan or those deficient in tryptophan the 
cells in the lens epithelium of the germina- 
tive zone were but little involved; the chief 
effect observed was extensive damage to the 
lens fibers themselves. In the latter type 
of cataract the effect on cell division did not 
seem to contribute to the extensive lens 
fiber changes, and when the injurious fac- 
tors were withdrawn new normal lens fibers 
were formed. 

The anatomic parts of the lens most sus- 
ceptible to irradiation damage were studied 
by Pirie and Flanders.7* They found that 
no lens opacity was produced when only the 
axial core of the rabbit lens was irradiated 
with a dose that would have produced a 
cataract if administered to the whole lens. 
When the axial core alone was shielded, and 
the entire periphery of the lens was exposed, 
complete cataract appeared in three of five 
rabbits. However, when about one-quarter 


Vol. 59, April, 1958 


* 

a 
2 if 


LENS AND VITREOUS 


of the periphery was shielded complete cata- 
ract did not develop. These experiments all 
demonstrated that the lens fibers are de- 
pendent upon the peripheral tissue of the 
lens and that if a small fraction of this 
remains healthy, the fibers will remain nor- 
mal. A small proportion of the epithelial 
cells can exert a great effect in maintaining 
the health of the adjacent lens tissue. This 
effect in the lens is similar to that observed 
in the skin, where it has been shown that 
normal cells of skin contain some factor 
or factors of importance to the recovery 
of surrounding epithelial cells injured by 
x-rays. 

Shapiro, Gurney, and Solari ™ determined 
that the usual doses of radioiodine used 
therapeutically would have no damaging ef- 
fect on the cornea or lens. They studied the 
penetrance of radioactive iodine from the 
gastrointestinal tract to the aqueous, vitreous, 
and lens of rabbits. The time curves were 
of the same shape, with peak counts being 
obtained between 15 and 21 hours. The 
highest radioiodine counts were obtained for 
blood, and the lowest levels, for the lens. 
Aqueous and vitreous counts were interme- 
diate. Paracentesis increased the counts in 
the aqueous and in the lens. Merriam ™ 
used phantom masks with an ionization 
chamber inserted in a plastic eye to repro- 
duce the treatment conditions used for vari- 
ous tumors and thereby to measure the 
effective radiation at the lens. He found 
that the minimum cataractogenic dose after 
single exposure was 200 r; after divided 
doses extending over a period of three weeks 
to three months it was 400 r, and for divided 
doses extending over three months it was 
550 r. In a group of patients receiving 
between 350 r and 550 r in divided doses 
over a period of three weeks to three months, 
about 40% developed cataract. The time of 
appearance of the cataract was longer in 
those eyes receiving the smaller doses. As 
the dose increased the incidence of progres- 
sive opacities also increased. All of the cases 
developed cataracts if they had received 
over 1150 r to the lens, regardless of the 
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duration over which the treatment was 
spread. 

Newell, Beaman, Jacobson, Marks, and 
Caston*® tested the protective effect of 
hemopoietic cell suspension from embryo 
mice given subsequent to x-irradiation. It 
had previously been shown that such cell 
suspensions had improved the survival rate 
of lethally irradiated mice. However, the 
injection of the cell suspension into irradi- 
ated mice did not modify the development of 
radiation-induced cataract. 


The Vitreous 


Clinical Observations—In an excellent 
article on the technique of slit-lamp micros- 
copy of the vitreous and fundus, Gold- 
mann * described the normal appearance of 
the vitreous and discussed the characteristics 
of vitreous cysts, vitreous detachments, 
fibrous degeneration of the vitreous, and 
membrane formation in the vitreous as seen 
with the slit-lamp microscope. Bedell §* 
described fibrous proliferations in the vitre- 
ous as seen with fundus photography. Gold- 
mann pointed out the relationship between 
vitreous detachment and fibrous degeneration 
of the vitreous and the occurrence of retinal 
detachment. This subject was discussed fur- 
ther in an informative article by Teng and 
Chi.8* They distinguish two types of vit- 
reous liquefaction. The first starts in the 
central core of the vitreous and has no 
posterior detachment of the hyaloid mem- 
brane. The second type is characterized by 
anterior contracture of the solid portion of 
the vitreous, leaving the posterior portion 
in a liquid form with a detachment of the 
posterior hyaloid membrane. Two types of 
vitreoretinal adhesions were also found. The 
first, or senile, type occurs as a broad band 
near the ora serrata. The second, or local- 
ized, adhesion forms at the site of a con- 
genital rosette. It was the second type of 
vitreous liquefaction and the second type of 
vitreoretinal adhesion that were found to 
be invariable factors present in producing 
retinal detachment whenever sudden motion 
produced traction at the site of the adhesion. 
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Wadsworth ** gave some excellent illustra- 
tions showing how vitreous bands are im- 
portant in the pathogenesis of retinal 
detachment. 

The method of treating retinal detachment 
by implanting vitreous in combination with 
a diathermy procedure was described by 
Shafer. He reported on 72 vitreous im- 
plantations performed on 64 eyes with com- 
plicated retinal detachments that had 
previously been treated unsuccessfully with 
retinal surgery. In this series the retina was 
reattached in 29 eyes and no serious compli- 
cations were encountered. The vitreous im- 
planted appeared to be completely inert to 
the recipient eye. ; 

Laboratory Observations——The increase 
in the residual protein of the vitreous during 
growth of the bovine eye was studied by 
Boyer, Suran, Hogan, and McEwen.® 
They found a constant concentration of 
residual protein during the growth of the 
eye, demonstrating a production of residual 
protein during life which was parallel to 
the formation of the other elements of the 
vitreous. Green and his co-workers ***7 
found no significant difference in the distri- 
bution of bicarbonate ion in the vitreous of 
rabbits, whether the eye was removed from 
the living animal or after death. The con- 
centration of bicarbonate was highest in the 
vitreous around the ciliary body. Dohlman ® 
found that the normal vitreous did not show 
any uptake of radioactive sulfur, since the 
vitreous is acellular, is avascular, and does 
not contain sulfated mucopolysaccharides. 

It does not seem that ultrasonic radiation 
will be of help in promoting the absorption 
of blood from the vitreous. Baum ** found 
that ultrasonic radiation within the “safe” 
tissue did not influence the rate of absorp- 
tion of vitreous hemorrhages in the rabbit. 
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News and Comment 


ANNOUNCEMENTS 


Basic Course in Orthoptics for Technicians.—The Basic Course in Or- 
thoptics for Technicians, sponsored by the American Orthoptic Council, will be 
held in the Department of Ophthalmology, University Hospital, Ann Arbor, Mich., 
from June 23 through Aug. 16, 1958. As usual, there will be didactic lectures and 
practical demonstrations, given by an outstanding faculty. Further information 
as well as application blanks may be obtained by writing John W. Henderson, 
M.D., University Hospital, Ann Arbor, Mich. 


University of Michigan Postgraduate Conferences.—The University of 
Michigan Medical School announces postgraduate conferences for ophthalmologists 
and otolaryngologists to be held on the following dates: Otolaryngology Confer- 
ence, April 17, 18, and 19; Ophthalmology Conference, April 21, 22, and 23, 
1958. For further information write to John M. Sheldon, Director, Department 
of Postgraduate Medicine, University of Michigan Medical School, Room 1610, 
University Hospital, Ann Arbor, Mich. 


Glaucoma Course at Massachusetts Eye and Ear Infirmary.—A one-week 
course in glaucoma will be given at the Massachusetts Eye and Ear Infirmary, 
under the direction of Dr. Paul A. Chandler, April 28 through May 3, 1958. 
Topics to be considered will be ocular hydrodynamics; gonioscopy, tonography, 
and perimetry; diagnosis, and medical and surgical management. Surgical demon- 
strations will be held in the operating room. Patients will be available for 
demonstration and examination. Admission will be limited to ten persons. 
Fee: $100. 

Application may be made to Dr. E. B. Dunphy, Chief of Ophthalmology, 
Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston 14. 


New York Eye and Ear Infirmary Spring Meeting.—The Alumni and 
Staff of The New York Eye and Ear Infirmary, 218 Second Ave., New York, 
will hold their annual spring meeting from April 21 to 24, 1958. Seminars will 
be held in the mornings in ocular pathology, retinal detachment surgery, glaucoma, 
ocular injuries, cataract surgery, and motility. Clinical courses will be given in the 
afternoons as well as closed-circuit television programs. 


Irish Ophthalmological Society—The Irish Ophthalmological Society 
will hold its annual meeting in Dublin on May 1, 2, and 3, 1958. The Mont- 
gomery Lecture will be given by Professor Hagedoorn, Amsterdam, in Trinity 
College, Dublin, on Thursday, May 1. 


Courses in Slit-Lamp Biomicroscopy and Ocular Surgery.—The Com- 
mittee on Postgraduate Education of the Montefiore Hospital announces an 
advanced course in slit-lamp biomicroscopy of the living eye combined with 
additional courses in slit-lamp microscopy, gonioscopy, deep vitreous and retinal 
biomicroscopy, indirect ophthalmoscopy, surgery of intraocular foreign bodies, 
and retinal detachment surgery, to be given by the Montefiore Department of 
Ophthalmology under the direction of Dr. Harvey E. Thorpe and associates. 
These courses will be given at the Montefiore Hospital, Pittsburgh, May 5 to 8, 
1958, inclusive, from 8 a. m. to 4 p. m. Guest speakers: Dr. Robert J. Masters, 
Indianapolis, and Mr. Lee Allen, Iowa City. For further information write to 
A. McNabb, Secretary of Postgraduate Ophthalmic Courses, 206 Iroquois Build- 
ing, Pittsburgh 13. 
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ANNUAL MEETING OF AMERICAN MEDICAL ASSOCIATION 
San Francisco, June 23-27, 1958 
ON OPHTHALMOLOGY 
Tuesday, June 24, 1958 
Chairman’s Address: 

DouRMANN K. Piscuer, San Francisco 
Address of Invited Foreign Guest: Indications for Clinical Electroretin- 
ography 

Pror. Gosta Karpe, Stockholm, Sweden 
Conjunctival Flaps in the Treatment of Corneal Disease with Special 


Reference to New Techniques of Application 

TryGvE GUNDERSEN, Boston 

Discussion to be opened by Puititirs Tuyceson, San Jose, Calif. 
The Treatment of Retinoblastoma by X-Ray and Triethylenemelamine 

ALGERNON B. Reese, New York 

Grorce A. Hyman, New York 

Norau puV. TapLey, New York 

ARNOLD W. Forrest, New York 

Discussion to be opened by Micuaet J. Hocan, San Francisco 
Galactosemia with Associated Cataracts in Children 

Warren A. Witson, Los Angeles 

Discussion to be opened by Harotp F. Faris, Ann Arbor 
The Neurosurgeon’s Role in Acute Visual Failure 

ALFRED UIHLEIN, Rochester, Minn. 

C. Wiisur Rucker, Rochester, Minn. 

Discussion to be opened by Wiit1am E. Krewson, III, Philadelphia 
Ocular Signs and Prognosis in Subdural and Subarachnoid Bleeding in Young 
Children 

Rosert W. HoL_ennorst, Rochester, Minn. 

Harotp A. Stern, Rochester, Minn. 

Discussion to be opened by Donatp J. Lye, Cincinnati 
“Dutch-Treat” Cocktail Party in Honor of the Chairman 


5:30 to 7 p. m., $3.00 per person; Terrace Room, Fairmont Hotel 
all physicians attending Section meeting and their wives are invited 


Wednesday, June 25, 1958 
Executive Session 

The Prognosis of Melanomas of the Iris Following Excision by Iridectomy: 
A Study of 108 Cases in the Registry of Ophthalmic Pathology 

BENJAMIN Rones, Washington, D. C. 

LorENz ZIMMERMAN, Washington, D. C. 

Discussion to be opened by GrorGIANA Dvorak THEOBALD, Oak Park, III. 
Diseases of the Macula: Basic Histopathologic Processes in Retina, Pigment 
Epithelium, and Choroid, Which Modify Their Clinical Appearance 

Bertua A. Kern, Chicago 
Discussion to be opened by Wiitram C. Frayer, Philadelphia 
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Clinical and Laboratory Experiences with Virac, a Bactericidal, Fungicidal, 
and Viricidal Agent 


Joun E. Harrts, Portland 

Peter P. Rowe t, Portland 

BEAuDREAU, Portland 

Discussion to be opened by Henry F. ALLEN, Boston 
The Effect of Tonography and Other Pressures on the Intraocular Blood 
Volume 

Jerome W. Bettman, San Francisco 

Victor San Francisco 
Peter Cuao, San Francisco 
Discussion to be opened by BERNARD Becker, St. Louis 


Thursday, June 26, 1958 


Panel on Retinal Detachment 
A Scleral Imbrication Technique 
Apert N. LEMOINE Jr., Kansas City, Kan. 
James T. Ropison Jr., Kansas City, Kan. 
Larry T. Catkrns, Kansas City, Kan. 
An Evaluation of Ophthalmoscopy After Retinal Detachment Surgery 
Arian SCHWARTZ, San Mateo, Calif. 
Retinal Detachment Surgery 
James S. Suipman, Camden, N. J. 
The Old Versus the New 
Joun W. Hpnverson, Rochester, Minn. 
The Importance and Employment of Diathermy in Today’s Retinal Detach- 
ment Surgery 
GRAHAM CLARK, New York 


Further Experience with Vitreous Implants in Old Retinal Detachments 
Donap M. Suarer, New York 


Diathermy or Scleral Resection 
Josepu A. C. Wapswortu, New York 


The Application of Ultrasonic Locating Techniques to Ophthalmology: II. 
The Ultrasonic Slit Lamp 


GiILBert Baum, Bronx, N. Y. 


Discussion to be opened by 
S. RopMan Irvine, Beverly Hills, Calif. 
Peter C. KronFre_p, Chicago 

P. McDona tp, Philadelphia 

A. D. RuepEMANN 8nr., Detroit 


Books 


L’occhio nel diabete mellito. By G. Alagna and F. Scullic, with a preface by 
G. Martino. Price, not given. Pp. 190, with 89 illustrations. Casa Editrice 
G. D’Anna, Messina-Firenze, Italy, 1957. 
For those who read Italian this is a well-written account of the pathology of 
the eye caused by diabetes. The material is divided into chapters on an anatomical 
basis, detailing the effects of diabetes on the various eye structures, and separate 
chapters in which disturbances of function are described, e. g., the ocular adnexa; 
the cornea, iris, and retina, and light sense, changes in refraction, and ocular 
tension. The illustrations are good, although not many are original. 


Heredo-Retinopathia Congenitalis. By Carl Henry Alstrom, in collaboration 
with Olof Olson. Price, not given. Pp. 178, including bibliography and 
pedigree charts. Berlingska Boktryckeriet, Sweden, 1957. 


This study reports on a series of 175 cases of a hitherto-unreported hereditary 
form of congenital blindness diagnosed as congenital retinochoroiditis, which shows 
a familial incidence and a high frequency in marriages of first cousins noted by 
Sjogren more than 25 years ago. The name heredoretinopathia congenitalis, 
monohybrida recessiva autosomalis, is suggested for this disease. Vision is defec- 
tive at birth and consists of either total blindness or greatly impaired sight with 
loss of central vision and gradual deterioration of any remaining vision. The 
fundi show peripheral retinal pigment which is generally diagnosed as retino- 
choroiditis, degeneration of the retina, or tapetoretinal degeneration. Atrophy of 
the retina proceeds until large areas of the sclera are involved. Cataract and 
keratoconus are common associated features. The disease is not combined with 
any psychiatric or neurologic disorder. There is no increased frequency of deaf- 
mutism in these patients nor in their relatives, and no patient showed the classic 
features of pigmentary degeneration of the retina. 


Contributions to the History of Ophthalmology. By M. Amsler, H. Arruga, 
F. Berg, S. Duke-Elder, R. Onfray, G. Ovio, A. Pillat, F. Rintelen, and 
W. P. C. Zeeman. Price, not given. Pp. 119. S. Karger AG., Arnold Bock- 
linstrasse 25, Basle, 1957. 

Only one of the nine contributions to this supplement of Ophthalmologica is 
in English: “The History of Ophthalmology of Britain,” by Sir Stewart Duke- 
Elder. For those who read German, French, and Italian, all of the articles are of 
interest, dealing with the development of ophthalmology in various countries of 
Europe. Many in this country who read German will be particularly interested in 
Pillat’s article on the history of ophthalmology in Vienna. 


Surgery in World War II: Ophthalmology and Laryngology. Edited by Col. 
John Boyd Coates Jr. Price, $5.00. Pp., 605, with numerous illustrations and 
tables. U. S. Government Printing Office, Washington 25, D. C., 1957. 

The Office of the Surgeon General, Department of the Army, is publishing 

a series of volumes on the official history of the Medical Department of the 

United States Army in World War II. The record of achievement which is 

unfolded in the present volume on ophthalmology and otolaryngology is one of 

which all members of these two specialties can be proud. The first 378 pages, 
devoted to ophthalmology, have been very capably edited by M. Elliott Randolph, 

M.D., formerly Lieutenant Colonel and Chief of the Ophthalmology Branch of 

the Surgical Consultants’ Division, Office of the Surgeon General, from its activa- 

tion on April 15, 1944, until Feb. 22, 1945, and again from Dec. 8, 1945, until 

April 1, 1946. This portion of the volume discusses both the administrative and 

the scientific problems pertaining to ophthalmology during the last war. The 

opening chapter reviews the administrative evolution of ophthalmology from 1916 
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until the end of World War II. During World War I, and until World War II 
was well advanced, ophthalmol had been included in the section of head surgery 
under the division of surgery. April 15, 1944, the Ophthalmology Branch of 
the Surgical Consultants’ Division, Office of the Surgeon General, was estab- 
lished. Derrick Vail, M.D. (Col.), and Trygve Gundersen, M.D. (Major), 
followed M. Elliott Randolph in this capacity. 


The short supply of ophthalmologists was a problem throughout the war. 
Confronted with this shortage, the Office of the Surgeon General made earnest 
attempts to classify and properly utilize each ophthalmologist on active duty and 
at the same time establish eye centers which insured proper sorting of patients. 
This also permitted the saving of manpower by assignment of young and more 
inexperienced officers to work under the supervision of mature persons with great 
experience. Many other administrative problems, although of less basic importance, 
were encountered. The problem of providing spectacles for personnel who needed 
them for maximum efficiency in performance of duty was one of great magnitude. 
The ultimate solution included, among other steps, portable overseas optical units. 
The history of the development of the acrylic eye now in universal use in civilian 
life is presented in a very interesting manner. Parallel with this, various prosthetic 
devices for different fields of surgery were developed, utilizing acrylic. 

Administrative and scientific aspects of ophthalmology peculiar to specific 
theaters of war were reviewed in the Mediterranean by Trygve Gundersen, M.D. 
(Major), the European theater by Derrick Vail, M.D. (Col.), and the Southwest 
Pacific and Pacific Ocean areas by Webb Chamberlain, M.D. (Major). 

James N. Greear, M.D. (Lieut. Col.), known to have been a guiding light in 
the rehabilitation of blinded casualties, presents an interesting history of the 
development of that program. Many principles were established which are being 
utilized in civilian life at the present time. Other sections of the book include the 
management of intraocular foreign bodies, uveitis, retinal detachment, cataracts in 
military personnel, nutritional amblyopia, night blindness in military personnel, 
visual disturbances associated with head injuries, plastic surgery of the lids and 
orbit, and chemotherapy and antibiotic therapy in the zone of the interior as it 
pertained to ophthalmology. These sections are all written by authors who, with 
their excellent prior training and extensive experience acquired during World War 
II, are established authorities in their fields. Since the war is now more than ten 
years behind us, some of the material in the book is outdated, but most of it is 
still of great value. The book can be read with interest by all ophthalmologists 
whether or not they participated in a direct way in these activities. Its value is 
emphasized by the present state of world unrest. Should this country become 
embroiled in another war, the battle ground and hence the casualties will be at the 
door-step of all of us and every physician will be better prepared for having 
perused this volume. 


The Visual Pigments. By H. J. A. Dartnall. Price, $6.00. Pp. 216, with 
numerous graphs and illustrations. John Wiley & Sons, Inc., 440 4th Ave., 
New York 16, 1957. 

This is a highly technical but authoritative monograph on the biology of visual 
pigments by one who has done a great deal of work in this field—Dartnell being 
the English equivalent of Wald in this country. The book is far too technical for 
the average ophthalmologist, since it is largely concerned with the details of the 
chemistry and physical properties of the various pigments found in the animal 
kingdom subserving the function of photoreception. For those actively engaged 
in this field, however, the book will be warmly welcomed. 

After a short introduction to visual pigments and their photoproducts, the 
chapters deal with the physical chemistry of rhodopsin, the structure of rhodopsin, 
isomerism and visual pigments, the homogeneity of visual pigment solutions, and 
various methods available for the experimental approach to the problems of 
photochemistry. Each chapter includes an excellent bibliography. 
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Guide to Medical Writing. By H. Davidson, M.D. Price, $5.00. Pp. 338, with 


- aameracan The Ronald Press Company, 15 E. 26th St., New York 10, 


The fact that physicians as a class are generally mediocre writers is attested 
to by the large number of books on the market purporting to improve the quality 
of their output. These manuals describing what is wrong with their manuscripts, 
and telling them how they can be improved, have been coming off the press in 
increasing numbers and show that either doctors do not care how they write or 
that editors of medical journals will accept manuscripts which would be turned 
down flat by the staffs of nonscientific magazines. Both were probably true a 
few years ago, but today our medical journals have a plethora of material to 
publish and their editors can be more particular and turn down those which do 
not come up to minimum standards in presentation and style. 

In this new book Dr. Davidson, who has been editor-in-chief of the Journal 
of the Medical Society of New Jersey since 1941 and is an author of several 
books, does what no one else has attempted up to now: He approaches his subject 
from a common sense and humorous point of view. His thesis is that once an 
article has appeared in medical literature it has become immortal. The doctor who 
wrote it must necessarily die, but his work lives on forever. Hence, it behooves 
him to leave behind only the best of which he is capable. By giving numerous 
examples of poor writing and how each can be improved, he drives home his points 
far better than those pedagogical books on medical writing, of which we have 
plenty, which read like textbooks of physics and bore one to distraction. Dr. 
Davidson has an unusual knack of selecting excellent examples to demonstrate 
how much better one way of phrasing something is than another. These are so 
interesting and frequently humorous that reading his book becomes a pleasure 
instead of a painful process of learning something. 

In addition to improving one’s ability to write, Dr. Davidson gives some ex- 
cellent advice on how to handle medical arithmetic. He points out the frequency 
with which authors have misled themselves and published data which should 
never have appeared in print because they failed to run adequate controls and 
mathematically their results were merely due to chance. He specifically shows 
how these errors can be avoided by listing a number of fallacies, such as “the 
fallacy of the normless base,” “the fallacy of the mixed population,” of “the 
wrong way addition,” of “the skinny sample,” and the “post-hoc” fallacy. 

The book is literally crammed with practical advice of value to everyone who 
attempts to write a medical paper. If ophthalmologists would buy this book and 
read it before submitting a paper for publication the value of our literature would 
rocket immediately, and the number of papers rejected would decline. 


Introduction to Anesthesia. By R. D. Dripps, J. E. Eckenhoff, and L. D. 
Vandam. Price, $4.75. Pp. 266, with 47 illustrations. W. B. Saunders Com- 
pany, 218 W. Washington Sq., Philadelphia 5, 1957. 

Although not devoted to general anesthesia in ophthalmic operations, this is an 
extremely valuable book for every department to have in its library. The book is 
divided into five sections, four of which deal with the care of the patients. In Section 
I, the preanesthetic period, procedures are advocated for preanesthetic rounds, 
with guides to preanesthetic medication and the choice of the anesthetic for the 
particular patient. Section II deals with the day of anesthesia and largely concerns 
the actual administration of the anesthetic and theoretical considerations which aré 
of chief interest to the anesthetist. Section III concerns the hazards during opera- 
tion and determination of the depth of the anesthesia, fire and explosion hazards, 
and unusual complications of anesthesia. Section IV, entitled “The Postoperative 
Period,” deals with the hazards of the immediate postoperative period, the re- 
covery room, and treatment of immediate postoperative pain and excitement. Under 
special topics there is an excellent chapter on cardiac resuscitation. The book is 
compact and is written in readable style and has excellent line drawings by the 
junior author. 
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Medical Radiation Biology. By Friedrich Ellinger. Price, $20.00. Pp. 945. 
Charles C Thomas, Publisher, 301 E. Lawrence Ave., Springfield, Ill., 1957. 
This is a timely book which presents in textbook form the effects of radiation 
on man in conditions of both health and disease. For those of us who are neophytes 
in the physics of radiation and its effects on life processes in the cell, this book 
offers an easy and thoroughly understandable introduction. The first part of the 
book deals with the general principles of radiation and the effect of radiant energy 
on living matter. The specific chemical effects of radiant energy on water, proteins, 
amino acids, sulfhydryl compounds, enzymes, etc., is then reviewed, and the 
fundamental aspects of radiosensitivity are briefly outlined. The remainder of the 
book concerns the effects of radiation on the various organs of the body and on 
such physiological processes as metabolism and on progeny. The results of radia- 
tion on diseased tissues is then dealt with. The section on the effects on the eye 
is regrettably short, but this is understandable in a book which is already 945 
pages in length. The bibliography is not the least important part of the book, the 
author listing 4600 references. It should be an important book in the library of 
any ophthalmological department or library. 


Management of Complications in Eye Surgery: Avoidance of Pitfalls and 
Treatment of Difficult Situations in Ophthalmologic Operations. Edited 
by R. M. Fasanella, M.D. Price, $16.00. Pp. 422. W. B. Saunders Company, 
218 W. Washington Sq., Philadelphia 5, 1957. 

Although this volume with its twenty-two contributors lacks continuity, it is 
full of practical suggestions on the prevention and treatment of most of the 
complications encountered in ocular surgery. To offset the inevitable variance of 
style found in texts with multiple authors, the editor has arranged the material 
in an orderly and more or less uniform manner. Each chapter is an entity in 
itself, in which the author discusses the management of the particular problem at 
hand. There is marked variation in the completeness with which the subjects are 
covered. 

Among the outstanding contributions are the discussions on ptosis, cataract, 
delayed re-formation of the anterior chamber, and retinal detachment. Some of the 
others are sketchy, with inadequate bibliographies, and add little to the value of 
the text. However, in spite of these shortcomings the book is heartily recom- 
mended; for its virtues greatly outweigh its faults. The ophthalmic surgeon will 
find in it many valuable hints that will aid him in his everyday surgery. The 


printing is very good; the reproductions are clear, and the whole format is 
excellent. 


Practical Refraction. By Bernard C. Gettes, M.D. Price, not given. Pp. 170. 
Grune & Stratton, Inc., 381 4th Ave., New York 16, 1957. 

The material for this book on the practical aspects of refraction was derived 
from the teaching of residents and postgraduate students in Philadelphia. It does 
not consider—and therefore is intended to supplement books on—anatomy, physiol- 
ogy, geometric and physiologic optics, heterophoria, and motility disorders. In ex- 
ceedingly clear style, different refraction techniques are applied to the problems of 
patients, with sufficient nontechnical background material for understanding of 
the principles used, e. g., subjective methods in the determination of astigmatism 
and accommodation and special problems in handling the hypermetropic, myopic, 
and presbyopic patient. An evaluation of the use of the latest cycloplegic drugs is 
given. There is a short chapter on the indications for the use of contact lenses 
and an excellent discussion of the various types of ophthalmic lenses with their 
advantages and disadvantages in specific types of cases. This should help the 
ophthalmologist greatly in prescribing the correct form of lens or in checking the 
optician. Strong reading adds have been found more satisfactory than telescopic 
lenses for patients with subnormal vision, and the author believes that the ophthal- 
mologist should be more aware of his responsibility to give these partially-sighted 


persons their best potential vision and thus keep them out of the hands of the 
unscrupulous. 
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_ Although the author states that his book is designed for beginners, it does not 
give detailed steps in the technique of refraction, especially streak retinoscopy with 
cylinders. It assumes that the student has already had basic work in optics and 
some clinical experience in technique and is ready for sound advice on the manage- 
ment of the refraction patient. Unless the mature practicing ophthalmologist has 
made a special effort to keep up with the recent trends and methods of refraction, 
he would find much of practical value in this small volume. 


Slit Lamp Gonioscopy. By G. Gorin and A. Posner. Price, $7.00. Pp. 176, 
with 67 illustrations. The Williams & Wilkins Company, Mount Royal and 
Guilford Aves., Baltimore 2, 1957. 


Gonioscopy, like slit-lamp microscopy, has become a necessary routine office 
procedure, and no ophthalmologist can afford to treat patients with glaucoma unless 
he acquires this technique. This manual is presented for the purpose of acquaint- 
ing the ophthalmologist untrained in gonioscopy with the principles and techniques 
he must learn and acquire in order to interpret pathological changes in the chamber 
angle. The history of the development of gonioscopy is sketched, and the anatomy 
of the angle in man and the comparative anatomy in animals are described. 

The technique of gonioscopy is described, with use of a slit-lamp for illumina- 
tion, which necessitates the patient being examined in the sitting position and 
imposes the added difficulty of focusing a slit beam. While there are undoubtedly 
certain advantages to slit-lamp gonioscopy as compared with gonioscopy with a 
Barkan lamp, it seems to this reviewer that this imposes an unnecessary difficulty 
for the novice and that the authors should have presented the beginners with the 
easier technique at first, and written a separate chapter on the special technic of 
slit-lamp gonioscopy. Since they use a slit lamp, they recommend the Goldman 
lens and the Allen (or Allen-Thorpe) gonioprism. Any modern slit lamp may be 
used. They recommend the Haag-Streit, Bausch & Lomb, and Clement Clarke 
Lamps. 

The chamber angle in normal eyes is described, followed by the appearance in 
chronic simple open-angle glaucoma; in angle-closure glaucoma; in special forms 
such as glaucoma capsulare, glaucoma secondary to central vein thrombosis, and 
aphakic glaucoma, and, finally, the findings in secondary glaucoma and congenital 
glaucoma. The angle after operations to relieve glaucoma, the appearance of 
tumors, and the result of injuries are covered. There is a good bibliography. The 
illustrations are good, and the style and printing are excellent. 


Traitement chirurgical des affections oculaires, Vol. I. By L. Guillaumat, 
R. de Saint-Martin, L., Paufique, S. Schiff-Wertheimer, and G. P. Sourdille. 
Price, 6500 fr. Pp. 439, with 105 illustrations. Gaston Doin & Cie, 8 place 
de l’Odéon, Paris, 1957. 

This is the first of three volumes covering the surgical treatment of diseases 
of the eyes. This volume includes a section on general surgical principles, the 
surgery of cataract, glaucoma, iridocyclitis, and injuries. The illustrations are good 
and sufficient to make the book of value even for those who do not read French 
fluently. 


System of Ophthalmic Illustration. By Peter Hansell. Price, $5.75. Pp. 114, 
with 78 illustrations. Charles C Thomas, Publisher, 301 E. Lawrence Ave., 
Springfield, Ill., 1956. 

This book will be of value to every department of ophthalmology in which the 
techniques of visual representation are important from the point of view of 
teaching and presentation of research. It is certainly true that many excellent 
manuscripts are spoiled by being served up with poor illustrations. Granted that 
an author has something to say, the Chinese proverb still holds. This book en- 
deavors to show one how to make a good illustration. Obviously, the book is well 
illustrated, but the important part is that the author tells the reader just what makes 
the illustration good. There are chapters on photography and much sound advice 
on the choice of camera, lighting equipment, and methods which should be employed 
in studio, ward, operating room, and consulting room. Motion-picture photography, 
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stereoscopic photography, keratography, slit-lamp photography, infrared and ultra- 
violet photography, and photography with the gonioscope are all dealt with. The 
ophthalmic artist is the title of a chapter summarizing the functions of the artist 
and pointing out present deficiencies in photography when this is employed 
exclusively, for example, retinal photography. If any criticism is to be made of 
the book, it is that it is too short. The author has had a tremendous experience 
in the field and has leaned backward in making a modest contribution. In future 
editions, this book, which is sure to be popular, will gain by expansion. 


Symposium on Diseases and Surgery of the Lens. Edited by George M. Haik. 
Price, $10.50. Pp. 270, with 233 illustrations. The C. V. Mosby Company, 
3207 Washington Blvd., St. Louis 3, 1957. 

This volume of Proceedings of the Fifth Annual Session of the New Orleans 
Academy of Ophthalmology concerns the lens, with the largest emphasis on the 
extraction of cataract. A group of distinguished opt..aalmologists and scientists 
comprised the panel. The twelve sections of the book are titled as follows: 

(1) Embryology of the Lens 
Frederick C. Cordes 
(2) Types of Congenital and Juvenile Cataracts 
Frederick C. Cordes 
(3) Diagnosis and Classification of Adult Cataracts 
Harvey E. Thorpe 
Surgery of Congenital Cataracts 
Frederick C. Cordes 
The Techniques and Mechanics of the Cataract Operation 
Derrick Vail 
Surgery of Complicated Cataracts 
Paul A. Chandler 
(7) Complications During Cataract Extraction 
Paul A. Chandler 
(8) Normal Healing of the Cataract Incision 
John H. Dunnington 
(9) Complications in Congenital Cataract Surgery 
Paul A. Chandler 
(10) Complications of Wound Healing After Cataract Surgery 
John H. Dunnington 
(11) Vitreous Changes Before and After Cataract Extraction 
S. Rodman Irvine 
(12) Lens-Induced Uveitis and Glaucoma 
S. Rodman Irvine 

Following this, 36 pages are devoted to round-table discussions, which to many 
form the most valuable part of the symposium. Dr. V. Everett Kinsey participated 
in the round-table discussions, and the moderators were Drs. James H. Allen, 
William B. Clark, and George M. Haik. All of the published symposia of the New 
Orleans Academy have been valuable contributions to our literature, and this 
one is no exception. 


Augensymptomen bei Hirntumoren. By A. Huber. Price, $14.00. Pp. 404, 
with 192 illustrations. Hans Huber, Marktgasse 9, Bern, 16, 1957. 

The frequency of ocular signs and symptoms as the initial occurrence in the 
patient with a brain. tumor is brought out by the author’s figures that 60% 
of his cases presented eye signs as an initial complaint. This book, in German, 
details the methods of a neuro-ophthalmological examination which should be 
carried out in a patient suspected of a brain tumor. The general symptoms and 
signs due to increased intracranial pressure are described, followed by the local 
symptoms. Chapter IV relates the relationship between the eye signs and the 
nature of the tumor, and Chapter V covers pseudotumors. The last chapter 
summarizes the author’s experiences with 1600 cases seen in the neurosurgical 
clinic of the University of Zurich. 
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For those who read German fluently this is a very valuable book; for the 
author has had a wide experience with brain tumors and has carefully reviewed 
and documented all his cases. The illustrations are excellent. 


Brain and Consciousness. By Hartwig Kuhlenbeck. Price, sFr. 34.60. Pp. 
344. S. Karger AG., Arnold Bécklinstrasse 25, Basel, 1957. 

This is a highly philosophical essay on the relationship of brain and conscious- 
ness. The author divides his material into the following sections: (1) the material- 
istic approach, dealing with the physical world and, in particular, the nervous 
system; (2) the idealistic approach, which is entirely philosophical, and, finally, 
(3) the postulational psychophysical parallelism, the latter being somewhat similar 
to the approach of Wiener in cybernetics. 


Light, Color and Vision. By Yves LeGrand, translated by R. W. Hunt, J. W. 
Walsh, and E. R. Hunt. Price, $11.00. Pp. 512, with 125 illustrations. John 
Wiley & Sons, Inc., 440 Fourth Ave., New York 16, 1957. 

Only those ophthalmologists who have a background of physics and mathe- 
matics will be able to read this book with pleasure. This is regrettable, since the 
book is an extremely valuable exposition of retinal physiology. One is forced to 
admit that the author is not to blame but that the educational system of teaching 
premedical students mathematics and physics is defective. The fact that most of 
us have trouble with mathematics is not due to the difficulty of the subject but to 
the way in which it is presented, and this is being increasingly realized by educa- 
tors. It is too late for those of us who are past the residency stage to rectify the 
inadequacies of our education, but for those coming into ophthalmology an 
exposure to more mathematics is highly advisable. 

The book is divided into two sections. The first deals with experimental facts. 
This carries the reader through the physics of radiation, a short description of 
visual receptors, the methods employed in photometric quantitation, the basic 
principles of colorimetry, absolute thresholds, luminance difference thresholds, 
color difference thresholds, time effects, spatial interactions, and anomalies of color 
vision. The second section describes the theories of vision and deals with what 
one might call the known physiology of the eye. In the appendix there are exercises 
covering the material, with their solutions, to serve as a means of determining the 
student’s understanding of the book. This reviewer sadly admits that he could not 
solve even 1 of the 45 problems posed. For the rare person who has had the 
proper bringing up, this book will be extremely valuable and interesting. 


Blindness in Children. By M. Norris, Spaudling, and Brodie. Price, $3.00. 
Pp. 173, with 8 pages of illustrations. The University of Chicago Press, 
5750 S. Ellis Ave., Chicago 37, 1957. 

This book is the outcome of a study of 66 blind preschool children selected 
from a total of 295 cases known to The University of Chicago Clinics and to the 
Illinois Department of Public Welfare. Eighty-five per cent of the selected group 
were blind as a result of retrolental fibroplasia. The remaining group were full- 
term children with a variety of other eye conditions. 

The selected group were studied intensively by trained psychologists and 
measured against normally sighted groups of similar age and socioeconomic levels. 
A matched control group was found to be impossible to obtain. It was found that 
blindness itself did not change the normal mental functioning of these children 
or their over-all development. When function did seem to be retarded in the 
blind children, it did not necessarily mean that it was evidence of a basic mental 
defect. No evidence was secured that retrolental fibroplasia is associated with either 
a specific or a generalized brain defect. One of the most interesting and probably 
equally important findings was the following, quoted to assure accuracy: “The 
earliest months of the blind child’s life and the years of the preschool period are 
of primary importance. They determine the course of his later development. All 
the components for the healthy personality development of any child are critical 
for the blind child because his capacity to master his environment is definitely 
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related to his security in his family and the understanding that family members 
have of his needs. The damage that is done by prolonged failure to. provide 
satisfaction of these needs is apt to be permanent. It can only be partially 
alleviated by later treatment.” 


The book is well documented, with six illustrative case histories, the details 
of which will be obviously of more interest to child psychologists than to ophthal- 
mologists. The value of the book for the eye physician is chiefly in trying to form 
some basis for mutual understanding between the social worker and psychologist 
and himself, so that the mutual problem of the blind child can be worked out to 
the best of the child’s advantage. Certainly the ophthalmologist should not attempt 
to solve all the problems which these blind children pose for both the community, 
their parents, and themselves. The paragraph quoted above is evidence that expert 
help is needed, and needed early. If this book does no more for the ophthalmologist 
than to awaken him to this realization, it will have served a very useful purpose. 


Its value as a psychological document will have to be judged by those trained in this 
field. 


Atlas of Eye Surgery. By R. T. Paton, H. M. Katzin, and D. Stillwell. Price, 
$15.00. Pp. 248, with 463 illustrations. McGraw-Hill Book Company, Inc., 
330 W. 42d St., New York 36, 1957. 


This atlas was planned by the authors as a text for residents in ophthalmology 
with the thought in mind that by meticulously outlining each step in a surgical 
procedure its difficulties could be minimized, so that when the time came for its 
performance on the patient a large part of the learning process would have been 
accomplished. This is a sound pedagogic principle, for visualization of acts is 
always helpful in learning manual skills. The follow-through in tennis or golf, 
the correct drop of the wrist in bowing, and all other simple but seemingly 
complicated and vitally important movements can best be acquired by having a 
mental picture firmly in mind before the actual experience. To this end, a correct 
combination of a few well-chosen words and many illustrations are needed. The 
authors have admirably accomplished their purpose, for 90% of this text is illustra- 
tions, and the remainder, concise explanations of what each illustration intends to 
demonstrate. 


Eight basic groups of operations are described, each representing a specific 
type of procedure whose technical skill it is necessary for every eye surgeon to 
master. The cataract operation naturally takes the greatest portion, occupying 80 
pages. Operations for glaucoma, retinal detachment, corneal transplantation, re- 
moval of an eye, strabismus, and pterygium follow, each described in clear-cut 
line drawings, which even without shading are so beautifully executed that they 
stand out in three dimensions in almost all instances. Occasionally Miss Stillwell 
has found it necessary to supplement the basic drawing with a cross sectional 
diagram in order to show the position of a knife needle in a three-dimensional 
space. A unique addition to the section on retinal detachment is a muscle chart for 
the right and left eyes showing the standard measurements of landmarks which 
are useful to the surgeon in performing operative procedures. 


Corneal transplantation has naturally been given considerable emphasis, owing 
to the authors’ preeminence in this field, and, while one might comment that in a 
text designed for residents undue space has been allotted for these procedures, 
for those more advanced and called on to do transplants routinely this section will 
prove to be most valuable. 


No claim is made for originality in any of the procedures presented, and the 
authors state that they have accepted suggestions from all sources and have re- 
vised their methods when new instruments appeared or old ones were improved. 
Their chief emphasis has been to suggest methods which time has shown them are 
essentially the safest for those of average skill to employ. 
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Headache: Diagnosis and Treatment. By Robert E. Ryan. Second edition. 
ony $6.75. The C. V. Mosby Company, 3207 Washington Blvd., St. Louis 3, 
1957. 

Headache is one of the commonest symptoms for which patients consult the 
general practitioner, ophthalmologist, and otolaryngologist. This book discusses 
the different pathologic conditions which produce headache and which are likely 
to be met by all physicians. Some of the chapters in the book will be of definite 
value to ophthalmologists. Chapter 12 deals entirely with ophthalmic migraine; 
Chapter 26, with temporal arteritis, and Chapter 31, which was written by Dr. 
Leslie Drews, is entirely limited to headache or head pain due to ophthalmological 
causes and is a thorough and practical review of this subject. In this second edition 


several new syndromes are discussed and new diagnostic procedures and approaches 
to therapy have been added. 


Corneal Grafts. Edited by B. W. Rycroft. Price, $13.50. Pp. 285, with 155 
— The C. V. Mosby Company, 3207 Washington Blvd., St. Louis 3, 
1956. 

This book is composed of a series of manuscripts by various well-known 
authors on the subject of keratoplasty. The editor, Dr. Rycroft, has written the 
chapters on the history of keratoplasty, special instruments to be used in the 
performance of the operation, and the results of his own cases and those reported 
in the literature. He has also assembled an excellent bibliography arranged in 
alphabetical order. The other chapters are as follows: 


Anatomy and Physiology of the Cornea Hugh Davson 

The Histopathology of the Corneal Graft Guy Offret 

Indications for Corneal Transplant and A. Franceschetti and 
Selection of Cases G. Maeder 

Full-Thickness Grafts J. A. Barraquez-Moner 

Lamellar Keratoplasty Louis Paufique 

Keratectomies-Retransplants Ramon Castroviejo 

Special Methods G. P. Sourdille 

General Complications of Corneal Grafting J. W. Tudor Thomas 

Contact Lenses and Corneal Grafts Frederick Ridley 

Special Features of Keratoplasty Marc Amsler 

The Preservation of the Donor Graft R. E. Billingham and 

B. W. Rycroft 
The Biological Problem A. E. Maumenee 


Donor Material and the Law R. Townley Paton 


The book contains a wealth of material arranged in a scholarly and compact 
form, with a good index, which makes the book useful from a practical point of 
view. It is a very real contribution to the literature on corneal grafting. 


The Doctor Eyes the Poor Reader. By Delwyn Schubert, Ph.D. Price, $3.75. 
+ Rs Charles C Thomas, Publisher, 301 E. Lawrence Ave., Springfield, II1., 
1957. 

This book was written by the director of the Reading Clinic, Los Angeles 
State College of Applied Arts and Sciences, to assist ophthalmologists to discuss 
intelligently with parents the problems of the poor reader. He points out that most 
ophthalmologists do not have the time or background to digest the mass of literature 
on this subject. He emphasizes the fact that reading failure is the result of a 
complex combination of factors rather than any simple cause and that in order 
to approach the problem scientifically a team of specialists must pool their findings,. 
each from a different point of view. For example, physical factors are often 
involved, such as poor health, visual anomalies, auditory handicaps, endocrine 
dysfunction, and physical immaturity ; also, mental, emotional, and social immaturity 
may play a dominant role in reading retardation, and, finally, such factors as 
confused dominance must be investigated. All of these factors have to be evaluated 
in the individual case. He emphasizes the point that no one factor can be singled 
out to explain reading failure in all cases. His remarks on confused dominance as 
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a cause of dyslexia are particularly interesting. He states that several dominance 
theories have been set forth to explain readily disability but none has been proved, 
and there is as yet no consensus as to the relationship between dominance problems 
and reading disability. 

The child’s reading difficulties should be matched against his general intelligence. 
The results of intelligence tests are expressed in two type of scores: mental age, 
or MA and intelligence quotient, or IQ. The two tests which he believes give 
bona fide indications of a poor reader’s mental potential are the Stanford-Binet 
and the Wechsler Intelligence Scale for children. There are an excellent chapter 
on the role of the medical consultant and a chapter entitled, “How and by Whom 
Poor Readers are Given Help.” The least valuable part of the book is probably 
the chapter entitled, “Doctor, How Are Your Reading Skills?” In this the author 
states that he has guided many professional persons in reading improvement 
courses and that “one twelve week course offered for adults through the Los 
Angeles Evening Division resulted in an average rate increase of 172 words per 
minute with no loss of comprehension.” 

It is always questionable how much of the improvement in reading skills comes 
about by the person’s immediate concentration on the fast reading rather than 
by any skill acquired by virtue of the procedures followed. The situation is some- 
what comparable to the courses offered to help one improve his memory. By 
concentrating on fixing things in one’s memory it is, of course, possible to 


demonstrate an immediate improvement, but whether this lasts after the course is 
over is questionable. 


The Sheard Volume: Visual and Opthalmic Optics. By Charles Sheard. 
Price, $15.00. Pp. 467, with numerous line drawings. Chilton Company, Book 
Division, 5605 Chestnut St., Philadelphia 39, 1957. 

Dr. Charles Sheard has had considerable influence on the development of optics 
and visual physiology in this country. In 1952 at a meeting of the American 
Academy of Optometry in Rochester, N. Y., a number of papers were presented on 
applied physiological optics, one of which was contributed by Dr. Sheard. Many of 
those present felt that all of Dr. Sheard’s contributions should be combined in one 
volume, since it was apparent that his work was not confined to optometry and 
optometric publications but spread into the field of opthalmology and opticianry. 
A sponsoring committee was established which represented all these three disciplines. 

The contents of this volume include selections from editorials and short essays, 
largely published in the American Journal of Physiological Optics, of which Dr. 
Sheard was the Editor-in-Chief, followed by practically all of his papers published 
in this country and abroad. A biographical sketch and a bibliography of his 
published writings are appended. He published 298 papers covering a tremendously 
wide field of subjects. From 1924 to 1949 he was Director of the Division of 
Physics and Biophysical Research of the Mayo Clinic, where he is now Director 
Emeritus and Professor Emeritus. The committee has done ophthalmology a real 
service in bringing together the writings of this great scholar and researcher 
where they may easily be consulted. 


Physiology of the Nervous System. By E. G. Walsh. Price, $9.50. Pp. 563. 
Longmans, Green & Co., Inc., 55 Fifth Ave., New York 3, 1957. 

The primary purpose of this book is to afford clinical neurologists a clear 
account of the physiology of the nervous system and to afford the advanced student 
in physiology a summary of neurophysiology and an adequate working bibliography. 
The clinical ophthalmologist will perforce find much of interest in the basic 
physiology of the nervous system which underlies clinical neuro-ophthalmology. 
In addition to this, the chapter on the visual system affords an excellent review of 
the physiology of the eye. 
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The Problems of Vision in Flight at High Altitude. By Thomas C. D. White- 
side. AGARD Series, AGARDograph 13. Price, $5.00. Pp. 162, with 64 
illustrations. Interscience Publishers, Inc., 250 Fifth Ave., New York 1, 1957. 

The publication of this book was sponsored by the Aero-Medical Panel of the 

Advisory Group for Aeronautical Research and Development, North Atlantic 
Treaty Organization. The various problems which are met in flight at high altitudes 
have been attacked by the author, and the book is presented from the point of view 
of the investigations he has made in establishing the factors involved in these 
problems.- After a brief introduction outlining the differences in flight under 
present conditions from those of the early days of aviation and, in particular, the 
new features due to high altitudes, the various problems encountered are grouped 
in the following categories: (1) the effects of changes in intensity and spectral 
distribution of sunlight at high altitudes, (2) the physiological changes affecting 
visibility of objects inside the cockpit, and (3) physiological factors affecting air- 
to-air visibility. The last section deals with the conclusions the author has reached 
in his investigations. There is much of interest for the general ophthalmologist 
as well as for the flight surgeon. In addition to investigating applied physiology, 
the author has uncovered a number of facts of basic physiological interest in respect 
to the function of the retina. This book will be of particular interest to flight 
surgeons, but, in addition, there is much of practical value for the general ophthal- 
mologist. 
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With your notification, include the address label clipped from the latest copy 
of the journal. If your city has postal zone numbers, be sure to include the zone 
number in your new address. 


You will want to get your copies promptly; so notify us at least six weeks in 
advance. Send your change notice to 
A. M. A. Archives of Ophthalmology 
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535 North Dearborn St. 
Chicago 10, Illinois 
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New! 
TRIAL LENS CABINET 


Space engineered as the center 


for all materials needed for 
a normal external eye 
examination, this cabinet 
holds any standard trial lens 
set in a dust proof 


compartment. The lid opens 
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to form a solid writing desk. 


Drawers and divided locker 


hold refracting accessories 
and diagnostic instruments. 


Control panel on the 


side of the cabinet. 


Available in mahogany, walnut and blond for only $200 
Without transformer $150.00. 


Write for complete information, no obligation. 


366 Post Street - San Francisco - California 4604 
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OPTICAL COMPANY 


LAMINATED SAFETY LENSES 


© © © provide you with the opportunity to exercise your full profes- 
sional responsibility in informing your patient that positive and practical 
is available for his prescription. Motex Lami- 

nated Safety Lenses are available for any ophthalmic correction. Write 


for interesting “Facts About Safety Lenses.” 


OPTICAL INDUSTRIES, INC. 


1701 GENT AVENUE 
INDIANAPOLIS INDIANA 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


HOUSE DUST ALLERGY 
by Karl D. Figley, 8 pages, 15 cents 


FOOD ALLERGY 
Of interest P47) you by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
~ SKIN ALLERGY 
and your patients by Samuel M. Feinberg, M.D., 6 pages, 10 cents 

ASTHMA AND HAY FEVER 
| by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
THE MENACE OF ALLERGIES 
‘ RAGWEED AND HAY FEVER 
by Oren C. Durham, 2 pages, 5 cents 
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A patient with polyopia, the phenomenon of 
multiple vision, often presents a very difficult diagnostic _ 
problem. It is necessary to know the refractive media | 
involved in the creation of the polyopia. 


Application of a contact lens becomes a valuable aid to the ae 
diagnosis as it eliminates the most important refractive surface as the possible” > 
cause of the problem. The contact lens will form a new, regular surface on the anterior ~ 
_ portion of the eye, thereby eliminating optical distortions of the front surface = . 
of the cornea. If the polyopia disappears upon application of the contact — 
lens, then the cornea was at fault. If the polyopia remains with 
. application of the contact lens, the cause of the condition . 
a must then be located in some other media. 


To the center 
lens problem 
A Company 
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“CONTACT LENSES” <1 
new 800-page book 


800 pages of pertinent information on all phases 
of contact lenses. 


2) 197 illustrations, many in full color. 


More than 600 papers and textbooks cited in 


bibliography. 


Authors: Theo. E. Obrig and Philip L. Salvatori, 
well-known pioneers in the field. 


B Just published. $15 per copy. 


Send your order to: 


g Laberalorics 


49 East 5Ist St New York 22, N. 


MUROCOLL 
EPINEPHRINE 
BITARTRATE 


DESCRIPTION—Epinephrine, as bitar- 
: trate, is available as a 1% solution, or a 
2% solution; these sterile collyria are 
prepared according to the formulary of 
the Massachusetts General Hospital and 
the Massachusetts Eye and Ear Infirmary. 
USES—As adjunctive therapy in uveitis, 
breaking posterior synechiae, and for 
reducing intraocular pressure in certain 
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AVAILABILITY—7.5 cc. 
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MUROCOLL preparations are available 
through retail pharmacists. 
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on prescriptions. 
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BLAK-RAY with Wood's light filters, are 

valuable for dete mage to or foreign bodies in the 
cornea, visibility areas, and location of or 
scratches of the conjunctiva. 
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or by y fluor 
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Use BLAK-RAY—the easy-to-use, ‘Blacker’ Black Light—with the 
phosphorescent locator. Contact your Surgical Supply House. 


VIOLET PRODUCTS, 
San’ Gabriel, California 
a. through Ultra-Violet Since 


. You See the “INVISIBLE” 

Black Light... 

| 

32 
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Clip end of polyethylene bag 

Drop unit on sterile surface 

Remove dropperette cap and proceed 


Lowest priced surgical unit available 
Sufficient for post operative treatment 


Sufficient for complete refraction 
No waste — No excess 


Write for samples and literature 


THE ISO-SOL CO... INC.. LINDENHURST. N. Y. 


Farmacia Panamericana, Panama City 


The Ranar Co., Montreal 
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LOOK THE FACTS 


about scratches 


i-gard ... 


the name that stands for non-shatterable, crystal 
clear, lightweight lenses, with a range of prescrip- 
tion availabilities to meet 90% of your require- 
ments . . . gives you the facts about scratches. 


FACT: 


Dust particles and smudges on glass lenses 
are far more noticeable and objectionable 
than scratches on plastic lenses. Actually, 
you must hold eyewear at arm’s length 
in order to see such marks. 


FACT: Unlike glass, mishandling of I-Gard 
lenses does not cause sharp scratches with 
their hundreds of reflective surfaces. 


FACT: When I-Gard lenses are cleaned regularly, 
as recommended, your patients can expect 
two to four years of service, safety, and 
comfort. 

Many of your patients need, want, and will ap- 

preciate I-Gard lenses. You can prescribe them 

with confidence. 
Send for complete information and 
name of I-Gard distributor near you. 


complete eye-care includes protection 


McLEOD 
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BERENS-TOLMAN BULBAR COMPRESSORS 
(Pat. Applied For) 
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LONDON PARIS 


We now offer the Berens-Tolman Bulbar Compressors 
use by Dr. Conrad Berens, have been overcome. 


both eyes and that two instruments would have to be used simultaneous 
and manufactured by Meyrowitz, in which the deficiencies of the former i 


Set of two Stainless Steel Compressors in case with instructions $80.00 


In the normal eye, prolonged external 
pressure will cause a substantial decrease 
in intraocular pressure. This ov is 

commonly noted in Loca n the glau- 

eye of outflow, 

the loss in tension from compression is less. 

The difference is so great that in compari- 

son to the normal eye, glaucoma may often 
be diagnosed in the early stages. 

The bulbar compression test is particu- 
larly important in the intermittent tensions 
of chronic simple glaucoma. Even if the 
patient is examined during a Peerage nor- 
mal tension, the test may detect reduced 


ou suggesting glaucoma. 
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ing the bulbar compression method for sev- 
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des Chas. P. Tolman 
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itchy. watery conjunctivitis — 
mild, non-specific infections 


ZINCFRIN 


_ STERILE OPHTHALMIC SOLUTION 


Zine Sulfate 0.25% 
Phenylephrine HC! 0.12% 
Benzalkonium 1:10,000 
Alkaline isotonic Menstruum 


ZINCFRIN quickly retieves discomfort 
i” and congestion occurring with mild, 
non-specific conjunctival infections and 
irritations, such as... 


one @ itchy, hay-fever type eyes 
aanetannas ® wind, dust and chemical irritation 

@ “Pink Eye” and other minor 

non-specific infections 


ZINCFRIN is an excellent sterile, 


non-irritating, prophylactic collyrium--and is 
usually effective for symptomatic relief of 


chronic non-specific irritation where 


continuous use may be indicated. 
ALCON LABORATORIES. Inc. 
FORT WORTH. TEXAS 


Aicon products are readily available to SUPPLIED: ZINCFRIN . 
pharmacies from their Service Wholesale 1S¢ec¢ Drop-Tainer® or 
Drug Suppliers in the U. S. and Canada. 1Sec Glass Dropper Bottle 
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SCHIOTZ TONOMETER 


Maintenance and Repair Service 
ARE YOUR TONOMETERS STANDARD? 


Many tonometers in use today do not conform to the standards of the 
Committee on Standardization of Tonometers of the 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


Most tonometers can be made to conform to these standards. 


Our service includes complete check of all parts for size, weight and friction, cleaning, pol- 
ishing, installing new parts if necessary and recalibrating on perfect 16 mm radius test block. 


All tonometers should be serviced once a year to minimize friction. 
Complete service cost is $6.00 plus cost of new parts and mechanical alterations if necessary. 
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Tonometers not requiring mechanical alterations will be returned in two days. 
We have new certified tonometers for rental at modest cost if needed until your tonometers 


R. O. GULDEN 
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Elkins Park P. O. 
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Manufacturer of the Berens-Tolman Ocular Hypertension Indicator 
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equipped with the best in scientific light- 
ing facilities—but, they reflect on sur- 
faces of glasses. These “GHOST” reflec- 
tions are annoying and contribute to 
fatigue. MAY-O-LITE coated lenses can 
help eliminate these annoyances. 


Complete Your Professional Service By Adding 


The Best in Sight 
MAY-0-LITE 


Low Reflection Coating 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 
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Ann Arbor, Michigan 


Didactic Lectures and Practical 
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Chevy Chase 15, Maryland, the National Scholar- 
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number of drops 
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NON-GREASY LUBRICATION 


for eyes mistreated by 
heat - wind - smog - dust - glare 


IiSOPTO* 


FRIN 


STERILE OPHTHALMIC SOLUTION 


Methyiceliulose 0.5% 
Phenylephrine HC! 0.12% 
Alkaline, Isotonic Solution 


ISOPTO® FRIN is a sterile non-greasy 
lubricant and topical vasoconstrictor for 
use in “dry eye” irritation where infection 
rhinologic is not present. It is an excellent tear 
substitute. 


ISOPTO® FRIN reduces redness, and 
provides prompt relief to those patients 
compiaining vaguely of “scratchy or itchy 


eyes,” in the absence of any pathological 
Alcon condition. 


ISOPTO® PLAIN, a companion product, 

5%, 
ALCON LABORATORIES. Inc. ASM, 
FORT WORTH, TEXAS 


SUPPLIED: ISOPTO® FRIN 
Alcon products are readily availabie to 


1S¢c Drop-Tainer® 
pharmacies from their Service Wholesale 


Drug Suppliers in the U. S. and Canada. ISOPTO® PLAIN 
Export Dept.: 120 S. LaSalle St., Chicago 15cc Drop-Tainer® 
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IDENTIFIED SEGMENT 


That’s how you know you have it — 

immediately and positively. It can’t be anything else. 

And when you have I.S./22, you're providing 

the absolute best in bifocal care: straight top 

segments for minimum jump, Univis quality 

to insure the performance of your prescription, 

Barium crown segments to eliminate 

annoying color aberration. Full Univis warranty, 

of course; and all Univis multifocals 

contain these four basic quality factors 

which must be built into every multifocal lens 

blank during manufacturing: 

No cylinder or aberration in the segment 
Excellent contact quality 
Accurate segment power 

Unsurpassed front surface quality 


Now through your Univis Laboratory. 


NOW—AS ALWAYS—UNIVIS CORRECTED CURVES 
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a complete armamentarium for 
topical eye therapy 


comprehensive therapy for ocular 
inflammation, infection, allergy 


ME TIMYD ophthalmic suspension 


METICORTELONE® Acetate 5 mg. (0.5%) and 
Sodium SuLAMyp® 100 mg. (10%) each cc., 5 cc. 
dropper bottle. 


for more potent antibacterial effect 
METIMYD ointment with NEomycIN 


METICORTELONE Acetate 5 mg. (0.5%), Sodium 
SuLamMyp 100 mg. (10%) and neomycin sulfate 
2.5 mg. (0.25%) each gram, “% oz. applicator tube. 


for resistant ocular allergies 
METRET ON’ ophthalmic suspension 


METICORTELONE Acetate 2 mg. (0.2%) and 
CHLOR-TRIMETON® (chlorprophenpyridamine 
gluconate) 3 mg. (0.3%) each cc., 5 cc. dropper 
bottle. 


for ocular infections 


Sodium SULAMYD 
ophthalmic solution 


Sulfacetamide Sodium U.S.P. 30%, 5 and 15 cc. 
dropper bottles. 

Sulfacetamide Sodium U.S.P 10% with 0.5% 
methylcellulose, 15 cc. dropper bottle. 


Sodium SULAMYD 
ophthalmic ointment 


Sulfacetamide Sodium U.S.P. 10%, ¥% oz. tube. 
SCHERING CORPORATION 


BLOOMFIELD, NEW JERSEY 
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Take a number from 1 to 10... 
or even to 20... and you still can't give 
your patient a better, more effective neutral 

absorptive filter in bifocals or 3-ways than 


@ retains remarkably normal color values... 


®@ bars both the abiotic and erythemal ultra-violet... 
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BIFOCAL CO,, me. 


CONOID 
Aspherical 
Ophtha|mic }ENSES' 


— 


New Sight. For 
Limited Vision Patients 


~ 


The original aspheric ;jass lens recent], developed by Dr. David 
Volk, as exhibited at the Section on Ophthalmology, A.M.A. 
June 1957. Awarded C rtificate of Meri; for excellence of exhibit 
and first prize in the sgction on Ophthy Imology, by the Awards 
committees of the —" Medical Agsociation. 


SUPPLIED BY LEADING INDEPENDENT WHOLESALERS 
ABC DISTRIBUTORS 


MANUFACTURED EXCLUSIVELY BY agpetas BIFOCAL CO., INC. 


SRECIFY! ABC 
For the finest in Kryptokg and Straigpt-Top Bifocals and Trifocals 


AMERICAN BIFOCAL COMPANY INC. 


1440 ST. CLAIR AVENUE 
CLEVELAND, OHIO 
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